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The Swedish Deep-Sea Expedition 


HANS PETTERSSON? 


INTRODUCTION 


CuT OFF from active work at sea during the 
Second World War, Swedish oceanographers de- 
voted their efforts largely to improving the 
technique of deep-sea oceanography. The raising 
of long and undisturbed sediment cores from 
great depths appeared to us to be an especially 
desirable development. Very little advance had 
been made in coring methods during the half 
century which elapsed between the cruises of 
the “Challenger” and of the “Meteor.” In the 
mid-thirties C. S. Piggot of the Carnegie Insti- 
tution, Washington, D. C., succeeded in obtain- 
ing cores between 1 and 3 meters long from 
great depths by firing a coring tube vertically 
downward into the sea bottom with an explod- 
ing charge (Piggot, 1936: 207). The chief 
difficulty in this method was the friction be- 
tween the column of sediment and the interior 
wall of the coring tube. Recently an attempt 
to overcome this difficulty was made by utilizing 
the high pressure at great depths to operate 
a “vacuum core sampler” (Pettersson and Kul- 
lenberg, 1940, 1941). An undisturbed core 14 
meters in length was raised by means of this 
instrument in the Gullmar Fjord on the west 
coast of Sweden in 1942. Shortly afterward Kul- 
lenberg developed the “piston core sampler,” 
by means of which an undisturbed core 20.3 
meters in length was raised from the Gullmar 
Fjord in 1945 (Kullenberg, 1947). In this 
device, by trigger action, the entire heavy steel 
coring tube with attached weights is auto- 
matically released on approaching the bottom 
and sinks down into the sediment. The main 
wire cable from which the coring tube is 
suspended is stopped abruptly as the coring 
tube and weights are released to sink into the 
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sediment. A piston originally at the lower end 
of the coring tube and attached by an internal 
wire to the main cable is kept motionless while 
the coring tube descends around it. Because 
of the high pressure, the immovable piston 
immobilizes the column of sediment beneath 
it as it is cut out by the corer. A view of the 
piston core sampler suspended alongside the 
research vessel is shown in Figure 1. 

In the spring of 1946 the Swedish govern- 
ment permitted the research vessel “Skagerak” 
to be used on a trial cruise to the western 
Mediterranean during which the piston core 
sampler proved its worth. Cores 8 to 15 meters 





Fic. 1. The Kullenberg piston core sampler about 
to be hauled aboard the “Albatross.” 
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in length were raised from depths between 
1,600 and 3,600 meters. In many of these cores 
mumerous zones of coarse particles, largely of 
pyroclastic origin (volcanic ash), were found 
intercalated in the ordinary sediment, thus giv- 
ing an unrivaled record of the volcanic activity 
in the vicinity during historic and prehistoric 
time (Pettersson, 1946). A few of these cores 
have since been subjected to various physical, 
chemical, and biological analyses. In addition 
to the standard analyses, the cores were exam- 
ined for pollen and radium content (Pettersson, 
et al., 1948). Study by Dr. Fred Phleger of the 
Woods Hole Oceanographic Institution of the 
Foraminifera contained in different layers of 
three cores from the Tyrrhenian Sea indicates 
that considerable change in the temperature of 
the surface water has occurred, which inci- 
dentally makes it highly probable that the span 
of time required for the deposition of these 
organisms extends well back into the last 
glaciation (Phleger, 1947). 

Another Swedish invention tested during 
the same cruise was developed by Professor W. 
Weibull of the Bofors Armament Works. This 
device records, by means of hydrophones and an 
oscillograph on board the ship, the time lag 
between echoes from the surface of the sedi- 
ment and from transition layers below this 
surface. The echoes are initiated by exploding 
depth charges at depths of 100 meters or less. 
With this instrument a maximum thickness of 
the sedimentary carpet was found in the center 
of the Tyrrhenian Sea where, below a water 
layer of 3,600 meters, the sediment appears to 
have a thickness of nearly 3,000 meters (Wei- 
bull, 1947). 


THE PRESENT EXPEDITION 


The interest evoked in our native city of 
Géteborg by these new tools of deep-sea re- 
search, and by the promise they give of a new 
grip on the unsolved problems of the ocean 
bed, made it possible for me to obtain, from 
private donors, the extensive financial backing 
required for an all-Swedish circumnavigating 
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cruise (Pettersson, 1947: 399). Altogether 
about 2 million Swedish kroner (more than 
one-half million dollars) have been given to 
the Royal Society of Goteborg (Géteborgs 
Kungl. Vetenskaps och Vitterhetssamhiie) , 
which nominated a committee for planning and 
organizing the cruise. The great difficulty of 
finding a ship suitable for the expedition was 
happily overcome through the generous offer 
of the great Brostrém Shipping Combine of 
Goteborg to lend us their new training ship, 
the 1,450-ton motor schooner “Albatross,” at 
net running costs for the duration of a 15- 
month cruise. They also gave permission to 
install nine laboratories, work shops, refriger- 
ation machinery, and cold storage rooms, be- 
sides cabins and a mess room for the scientific 
and technical staff (air conditioned for work in 
the tropics) all set up within the space nor- 
mally used for cargo. The “Albatross” is shown 
in Figure 2. Thanks to wholehearted co-oper- 
ation from great Swedish industries, a specially 
constructed, electric deep-sea winch with an 
electric power station of 140 kilowatts and 
other necessary equipment were completed in 
time. A view of a portion of this winch is 
shown in Figure 3. The refitting of the ship 
was carried out at the Lindholmen Shipyard in 
Goteborg where the “Albatross” had been built. 
The shipyard work was done at a fraction of the 
normal cost, thanks to the generosity of the 
owner of Lindholmen. 

The scientific and technical staff is com- 
prised of ten men. Besides the author they are: 
Dr. Bérje Kullenberg, oceanographer and in- 
ventor of the piston core sampler; Dr. Nils 
Jerlow, oceanographer and specialist on sub- 
marine light and on the transparency of sea 
water; Dr. Fritz Koczy, oceanographer and 
specialist on radioactivity and submarine pho- 
tography; Leif Bruneau, chemist; Dr. Gustaf 
Arrhenius, geologist; Viggo Wenzel, depth- 
charge soundings and short-wave specialist; A. 
Jonasson, chief mechanic; and K. Pettersson, 
assistant in the sediment work. Dr. John 
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Fic. 2. The “Albatross” under full sail. 


Eriksson, surgeon to the expedition, was in cursions on shore. The ship is most ably com- 
charge of the biological work during the first manded by Captain N. Krafft and officers. The 
part of the cruise and headed botanical ex- total number of non-scientific personnel is 24, 
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Fic. 3. The deep-sea winch aboard the “Albatross.” Only the power drums are shown in the 
photograph; the 8,000 meters of steel cable are stored on a third great spool which is not shown. 


including 12 apprentices between 17 and 21 
years of age. 


Since our sounding gear is very heavy (ap- 
proximately 1,500 kilograms), and is carried 
by a steel-wire cable 8,000 meters in length, a 
very powerful electric winch capable of raising 
and lowering a load of over 10 metric tons at a 
maximum speed of 100 meters a minute was 
specially built for the cruise. In order to work 
such heavy gear undisturbed by wind waves 
and ocean swell, the route to be followed was 
chosen so as to fall mainly within or near the 
region of equatorial calms where, fortunately, 
the sea bottom offers problems of special inter- 
est. Our original plan was to begin with a 
tour of the north Atlantic Ocean down to the 
equator. Because of unavoidable delay in start- 
ing, postponed from the beginning of March 
to the beginning of July, and the necessity of 
avoiding the hurricane season in the West 
Indies and the southwest monsoon in the west- 
ern Indian Ocean, it was necessary to take a 
short cut from Madeira to Martinique and from 


there to Cristobal, where we arrived on August 
19. After necessary readjustments had been 
carried out on our deep-sea winch, in which 
we were most generously assisted by the Naval 
Command of the Canal Zone, we passed through 
the Panama Canal on August 26, and on the 
following day we left Balboa on a WSW course. 


IN THE ATLANTIC 


On our way across the Atlantic we had op- 
portunities for testing our gear. Between Ma- 
deira and Cristobal eight cores varying in 
length from 10 to 15 meters were obtained. 
Most of them consisted of typical red clay, 
which in the lower levels was considerably 
tougher than in the upper layers. The greatest 
depth from which a core was raised was nearly 
6,000 meters. As long as we had very calm 
weather or were running before a moderate sea 
and swell our deep-sea echo sounder, specially 
constructed for the cruise by the Marine In- 
struments of London, gave legible records down 
to 6,000 meters. The record often became 
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illegible when we moved against head-winds 
or an adverse swell because of air bubbles inter- 
fering with the ultrasonic beam. Even with 
this limitation, which results largely from the 
shallow draught of the “Albatross,” the echo- 
graph was most useful for our coring operations. 
The bottom profile showed an astonishing rug- 
gedness even at great depths. Perfectly even 
surfaces extending over greater distances than 
a few nautical miles were rarely met in the open 
Adantic. A curious rise or fall of the bottom 
profile by “steps,” 20 to 50 fathoms and often 
considerably more in height, suggestive of faults 
across our course is quite frequent in the 
records. Professor Weibull, who personally 
followed the cruise to Cristobal, found dis- 
tinct echoes from a “bottom below the bottom” 
corresponding to a thickness varying between 
300 and 2,500 meters, i.e., values comparable 
to those found in the Mediterranean from the 
“Skagerak” in 1946. 


IN THE PACIFIC 


From Balboa we steered toward the Gala- 
pagos group (see map), raising sediment cores 
and taking a few oceanographic series under 
way. In the Bight of Panama a few hauls in 
750 and 1,500 meters, respectively, were made 
with our large ring net 2 meters in diameter 
in which catches of weird-looking bathypelagic 
fishes and invertebrates were brought up. 

The cores taken here were greenish-gray 
and rich in organic remains. In one case there 
was a distinct smell of sulphuretted hydrogen 
from the lower parts of the core. Near the Gala- 
pagos the sediment was of a light greenish color, 
was rich in foraminiferal tests, and in one case 
zones of dark volcanic ash were found in the 
lower levels. 

Our purpose in stopping at the Galapagos 
was twofold. While the men aboard the ship 
investigated the cool upwelling water south of 
the islands, which is rich in plankton, and took 
sediment cores from the bottom there, five of us 
went ashore on uninhabited James Island where 
we spent five unforgettable days collecting 
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plants for our great Swedish authority on the 
Pacific island flora, Professor Carl Skottsberg 
of Goteborg. 

From James Island the “Albatross” followed 
a course to the WNW which afforded means 
for a complete oceanographic section across the 
Equatorial Countercurrent, where the two lines 
of divergence (upwelling water) and the line 
of convergence (descending water) were quite 
distinct. The oxygen minimum in intermediate 
water layers was also very conspicuous. An 
almost total lack of oxygen, less than 0.02 cc. 
per liter, was found in a depth of 150 meters as 
far north as latitude 14° 13’ N, longitude 120° 
25’ W. Close to the 18th parallel north, the 
“Albatross” turned south, crossing the Equa- 
torial Current System a second time during 
which we repeated the observations by water 
sampling in different depths and raising cores 
from the sea bottom. The sediment was mainly 
of the red clay type, but near the equator cal- 
careous sediments appeared which were rich 
in Foraminifera. Curious signs of stratification 
were also manifest. A great impediment to our 
coring operations, even at great depths, was 
the frequent occurrence of hard bottom which 
the core samplers could not penetrate. In a 
couple of cases this led to partial or total loss 
of the corer. In two cases at least, fragments of 
basaltic rock caught in the bit of the core 
sampler proved the obstacle to have been a 
lava bed covered by a thin veneer of sediment. 
Similar difficulties occurred also near Nukuhiva 
in the Marquesas. A botanical excursion was 
made to the high Tovii Plateau of Nukuhiva 
where bore kernels were taken from one of 
the rare peat bogs known in the tropics for 
future analytical examination for pollen. Be- 
tween Nukuhiva and Tahiti, where we arrived 
on October 24, our crop of sediment cores was 
very meager because of the hard bottom. 

The sounding of sediment thickness by depth 
charges gave results different from those found 
previously in the open Atlantic Ocean, in the 
Mediterranean, and in the Caribbean Sea. Vir- 
tually no definite signs of reflecting layers 
situated at more than 200 meters below the 
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surface of the sediment were obtained. On the 
other hand, distinct reflexes from depths vary- 
ing between 60 and 180 meters were repeatedly 
obtained. In one case where the corer had been 
stopped by a superficial layer of lava, distinct 
reflexes from depths similar to those mentioned 
in the sentence above were obtained, which 
indicates that the superficial layer of lava is 
evidently not impenetrable to the acoustic waves 
recorded by our hydrophones. 

After a pause of 10 days in Papeete the 
“Albatross” set out on November 2 on a 
northerly course for Hawaii. Oceanographic 
series across the Equatorial Current System 
were made here also, with results very similar 
to those made previously. While under way 
we had occasion to repeat several of the stations 
made over 70 years earlier by the famous 
“Challenger” Expedition, with results corrobo- 
rating theirs but with a technique of coring 
which afforded a depth of penetration more 
than 20 times as great. The cores, varying 
from nearly pure radiolarian ooze to nearly pure 
globigerina ooze, displayed highly interesting 
stratificatons, with white calcareous sediment 
alternating with a dark brown or a red clay type. 
It is tempting to ascribe these variations in 
the composition of the sediment to climatic 
fluctuations, acting either directly on the sur- 
face temperature of the water and its plankton, 
or possibly causing a displacement of the whole 
current system as the polar ice caps grew and 
varied with inevitable effects on the atmos- 
pheric circulation. Here also, especially near 
the Hawaiian Islands, hard bottom interfered 
with coring operations and led to loss of instru- 
ments. 

In Honolulu, when we arrived on November 
28, we were most cordially received by munici- 
pal authorities, by our colleagues at the Bernice 
P. Bishop Museum and at the University of 
Hawaii, and also by the Scandinavian colony 
represented by the Swe-Nor-Den Society mak- 
ing our stay an unmitigated pleasure. We had 
occasion to lay our results before our colleagues 
at a round-table conference at the University 
of Hawaii, and profited greatly from discussions 
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there and from most stimulating suggestions 
and advice from Dr. T. A. Jaggar, the greatest 
volcanologist of our time. 

From Honolulu we cruised SW until the 
equator was crossed, changed our course to 
WNW, crossed the equator again, and stopped 
at Kapingamarangi Atoll where submarine light 
measurements were carried out in the sheltered 
waters of the lagoon. At the beginning of this 
segment of our cruise the occurrence of hard 
bottom again made coring operations difficult, 
and the bottom profile presented the same 
rugged and hummocky features as in the eastern 
and central Pacific. Farther west the bottom 
became more even and more amenable to both 
coring and to sediment soundings by depth 
charges. However, adverse winds, to which the 
“Albatross” is rather susceptible because of her 
low-powered auxiliary Diesel engine, made our 
progress slower than we expected. 

In general, the cores taken along our west- 
erly course near the equator were of calcareous 
sediment, frequently stratified with brownish- 
gray clay alternating with whitish-gray sedi- 
ment. Still farther wesc a greenish color alter- 
nated with gray or brown tones. Our last days 
in the Pacific Ocean were devoted to hydro- 
graphic series and soundings in the southern- 
most part of the Mindanao trench. Here a core 
raised from the maximum depth of 7,700 meters 
had a length of only 4 meters, the core sampler 
having been stopped by a layer of coarse sand 
rich in volcanic particles! An attempt to raise 
a core from a still greater depth with an extra 
wire cable attached to the lower end of our 
8,000 meter steel cable failed when the extra 
wire snapped after the corer was on its way 
up. The instrument and its precious content 
were lost. 

Faint but legible echograms were taken at 
cross sections over the trench in latitude 5° 20’ 
N. The results prove that the depths given in 
the Snellius charts are several hundred meters 


too great. Attempts to measure the sediment 
thickness in the trench failed because the 
ruggedness of the bottom profile produced 
spurious echoes which obscured any deeper 
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Route of the Swedish Deep-Sea Expedition research ship “Albatross,” in the Pacific Ocean, 1947-1 
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echoes from transition layers below the surface 
of the sediment. 

Steering south from the Mindanao Deep we 
finally reached the idyllic harbor of Ternate 
on January 26, 5 months less a day after our 
start from Balboa. Our cruise across the Pacific 
was finished. 


SUMMARY OF RESULTS 


During our Pacific cruise 57 cores with an 
integral length of nearly 500 meters have been 
taken, most of which display more or less dis- 
tinct stratification. In most, but not in all, cases, 
the sediment profiles raised by means of the 
long piston core sampler have been supple- 
mented by cores from the surface layers taken 
by means of a short core sampler of Dr. Phle- 
ger’s construction and kindly loaned by him for 
the duration of the cruise. 

According to the technique developed by Dr. 
Kullenberg, the cores are extricated from thin 
lining tubes 70 centimeters in length inside 
the steel coring tube and, after a cursory exami- 
nation on board, are wrapped first in briophane 
and then in pergament paper. These wrapped 
cores are introduced into aluminum tubes filled 
with molten paraffin wax and stoppered, after 
which they are placed in cool storage, between 
5° and 8° C, pending analysis after our return 
to Sweden. Experience shows that cores pre- 
served in this manner remain practically un- 
changed indefinitely. 

Sediment soundings by depth charges have 
been carried out at 75 different positions, where 
in most cases, two depth charges were set to 
explode at different depths (500 and 2,500, 
4,500, or 6,500 meters). Only between Balboa 
and the Galapagos were reflexes recorded from 
depths below the surface of the sediment sen- 
sibly deeper than 300 meters. For this striking 
difference between our results in the Atlantic 
and in the Pacific, no explanation can yet be 
offered. 

Four complete hydrographic sections have 
been made across the Equatorial Countercurrent 
System, yielding results similar to those indi- 
cated above. When worked up from the dy- 
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namic point of view these sections, supple- 
mented by frequent bathythermograph sound- 
ings between the stations, will afford valuable 
material for the study of the Equatorial Counter- 
current and the accompanying strips of conver- 
gence and divergence. 

At a few deep stations large-volume water 
samples of 25 liters were taken from different 
depths for analysis for radium (by the BaSO, 
Mitreissreaktion ) (by fluor- 
escence). Such analyses are necessary for con- 
firmation of the ionium precipitation hypo- 
thesis set forth by the author in 1936 
(Pettersson, 1937), and subsequently substan- 
tiated through the work of C. S. Piggot and 
W. D. Urry (1939: 405; 1941), and also in 
order to utilize measurements of radium in the 
sediment for determining the rate of sedimen- 
tation in the upper layers (Pettersson, 1943, 
1945). 

Optical studies on sea water were carried 
out, partly by direct measurements of sub- 
marine daylight in different spectral ranges 
down to depths of 100 meters, and partly by 
photographic methods down to greater depths 
by means of a pressure-tight submarine camera. 
In addition ultraviolet components have for the 
first time been measured near the surface in 
the open sea by means of a special technique 
(Johnson, 1946). Finally, the amount of 
suspended particles at different depths was 
measured by means of the Tyndall method, 
using samples obtained with specially prepared 
water bottles. Interesting results which show 
the occurrence of distinct maxima of such par- 
ticles at certain depths were found by these 
measurements. 

The records from our echo sounder have al- 
ready been referred to. When worked up 
systematically, results of value both from a 
bathymetrical and from a morphological view- 
point may be expected. An interesting obser- 
vation made repeatedly when crossing the bands 
of convergence bordering the Equatorial Coun- 
tercurrent was extra reflections on the echo- 
gram in depths between 80 and 150 fathoms. 
These reflections indicate densely packed or- 
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ganic matter, presumably shoals of fish or other 
bathypelagic organisms. It is possible that a 
kind of intermediate fishing grounds along 
the equator may be made accessible to exploi- 
tation along commercial lines through a future 
development of the midwater trawling net. 

Preliminary measurements of the geothermal 
gradient in deep-sea deposits were made by 
means of a geothermometer of special con- 
struction. The conditions on the bottom as 
well as those prevailing at the surface, i.e., wind, 
waves, swell, and currents, necessarily severely 
restrict the use of this instrument for it has to 
be plunged down into the deposit to a depth 
of about 12 meters and remain there until 
equilibrium with the surrounding temperature 
has been attained. Only two successful shots 
could be made in the Pacific Ocean, both giving 
unexpectedly high values for the geothermal 
gradient there (between 20 and 30 meters per 
degree centigrade). A discussion of these re- 
sults, which indicate a more intense flow of 
geothermal heat upwards through the ocean 
bed than one has, for general reasons, been in- 
clined to assume, must be postponed until more 
data have been obtained. 

In summary it may be said that the new 
technique developed in Sweden for investi- 
gating the deep-ocean bed and its sediments has 
been found to work well in oceanic depths, and 
it promises a new and fruitful field of work 
on the border line between oceanography and 
submarine geology. When our cores have been 
examined by different kinds of analyses, a 
task which will require several years to accom- 
plish, new light will be thrown on problems 
regarding the deep-sea bottom, its morphology, 
and its sediments and their chronology. For 
the latter study both foraminiferal analysis and 
radioactive age determinations are available. 

The investigation of the deep-ocean bed, its 
stratigraphy, and its fauna manifestly calls for 
co-ordinated efforts on an international scale. In 
this future work Honolulu, with its famous 
Bishop Museum and its University of Hawaii, 
appears destined to become the foremost center 
of research in the central Pacific Ocean. 
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A New Nematode of the Genus Pseudophysaloptera 
from an Okinawan Shrew 


Davip R. LINCICOME AND BAYARD H. MCCONNAUGHEY! 


INTRODUCTION 


Two SHREWS, identified as Suncus murinus 
riukinanus (Kuroda), collected on Okinawa 
Shima, Ryukyu Islands, were examined for 
parasites in August, 1945. A large number of 
nematodes were taken from the stomach, peri- 
toneal cavity, connective tissue in axillae of the 
hind legs, and the pericardial cavity. Two 
species are probably represented, one of which 
forms the basis of this report. It was taken 
from the stomach of each of the two hosts. 
The writers are indebted to Dr. Frank N. 
Young? for collection and identification of the 
shrews. 

Specimens were studied largely as wet whole 
mounts in glycerine or lactophenol. The pat- 
tern of the caudal papillae in the male was 
determined by dissection of more than a dozen 
specimens. The terminal portion of the body 
was severed just anterior to the bursa and re- 
moved to a glass slide in lactophenol. After 
removal of the membranous bursa the tail 
was flattened with ventral side uppermost and 
held in place by a cover glass. The papillae 
were then examined under the microscope. 


The worms are apparently members of the 
genus Pseudophysaloptera Baylis 1934 (family 
Physalopteridae Leiper, 1908, subfamily Phy- 
salopterinae Railliet, 1893 ) and have been here- 
tofore unrecognized in the literature. The name 


Pseudophysaloptera riukiuana is therefore pro- 
posed. 


* Department of Medical Microbiology, University 
of Wisconsin, Madison, Wisconsin, and Department 
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DESCRIPTION OF SPECIES 


Pseudophysaloptera riukiuana n. sp. 


General: Body white or opaque; cuticula in- 
flated at anterior end to form a collar in both 
sexes (see Fig. 1, d); two large labia each 
bearing two prominent submedian papillae and 
median amphid (see Fig. 1, d); three bluntly 
rounded teeth on the internal surface of each 
lip, these teeth appearing to originate from a 
common base in oblique en face views. The 
cuticular surface reflected over the lips appears 
denticulated as it becomes minutely folded. 
Esophagus very long and composed of two 
parts: anterior portion short, muscular; pos- 
terior long, glandular. Cervical papillae not 
observed. Nerve ring located at level of caudal 
half of the anterior part of esophagus. 

Female: Body length, 14.5-28.0 mm.; body 
width, 0.65-1.2 mm. Collar width, 0.27-0.44 
mm. Distance to nerve ring, 0.32-0.97 mm. 
Distance to excretory pore, 0.7-1.8. mm. Eso- 
phagus: total length, 3.38-5.0 mm.; length and 
width of anterior part, 0.47-0.88 * 0.13-0.22 
mm.; width of posterior part, 0.2-0.43 mm. 
Prominent, saddle-shaped constriction of body 
marking site of vulvar opening, located in the 
anterior half, third, or fourth of body. Uterus 
didelphic in type (see Fig. 1, ¢). Eggs 46-52 pu 
in length and 26-28 » in width, with thick 
hyaline shells and embryonated in utero. 

Male: Body length, 9.5-14.0 mm.; body width, 
0.43-0.7 mm. Collar width, 0.22-0.38 mm. 
Distance to nerve ring, 0.32-0.42 mm. Distance 
to excretory pore, 0.47-0.65 mm. Esophagus: 
total length, 2.49-3.91 mm.; length and width 
of anterior part, 0.41-0.61 X 0.09-0.18 mm.; 
width of posterior part, 0.14-0.50 mm. Caudal 
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papillae (see Fig. 1, 4) all sessile; 6 pairs on 
ventrolateral surface posterior to ano-genital 
opening, 1 large, unpaired, immediately anterior 
to the ano-genital pore, 2 additional pairs 
anterior and lateral to this opening. No spicules 
observed either in free specimens or those in 
copulo. 


DISCUSSION 


At the time he recognized the genus Pseudo- 
physaloptera in 1934, Baylis described P. sori- 
cina from a species of Crocidura collected in 
the Tanganyika Territory, Africa, which, to the 
writers’ knowledge, is the only species that has 
been ascribed to the genus. 

P. soricina, however, has been recorded from 
other hosts by other investigators. In 1937 
Chen reported this organism from “Suncus 
coerulus,” a shrew from South China. Baylis 
again recorded P. soricina in 1944 “from Suncus 
coeruleus kandianus” in Ceylon. Later Crusz 
(1946) described the worm from the musk 
shrew, “Suncus caeruleus,” in Ceylon. 

The first American finding of this helminth 
was made by Morgan (MS.), who reported 
it in the Masked Shrew, Sorex p. personatus, 
and in the Smoky Shrew, Sorex f. fumeus, in 
Tennessee, Kentucky, Wisconsin, and Iowa. A 
few females tentatively assigned as P. soricina 
by Morgan were also collected from the Short- 
tailed Shrew, Blarina brevicauda brevicauda. 

Specific differences in the genus Pseudophy- 
saloptera apparently are chiefly concerned with 
the male organism. The pattern of the caudal 
papillae on the ventral surface offers a basis for 
the separation of P. soricina and P. riukiuana. 

Baylis records four pairs of caudal papillae, 
all of which are typically sessile, post-anal, and 
lateral. Baylis has kindly sent one of us (D.L.) 
a pair of the cotype specimens for examination 
and comparison. We have confirmed four pairs 
of post-anal papillae (see Fig. 1, 5), but be- 
lieve that there may be an additional lateral 
pair slightly anterior to the ano-genital open- 
ing. This pattern is in contradistinction to the 
six lateral post-anal pairs, the single, large 
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ventromedian pre-anal, and the two lateral pre- 
anal pairs of papillae in the species at hand. 

The expanded cuticular collar at the anterior 
end of both sexes may be of significance. Baylis 
(1934) states, “The head (fig. 4) has the same 
structure as in Physaloptera, consisting of two 
hemispherical lateral lips, followed by a wider 
neck, the cuticle of which forms a collar.” At 
the same time, Baylis (op. cit., fig. 4, page 347) 
shows little evidence of what the writers in- 
terpret as a “collar” although a relatively small 
proportion of the extreme anterior end is shown. 
Examination of a cotype female loaned by Dr. 
Baylis reveals no prominent inflation such as is 
present on P. riukiuana (see Fig. 1, e). 

There are other differences in body length, 
distance to nerve ring, and total length of 
esophagus that may be related to the degree of 
contraction of the worms at fixation. The forms 
under consideration here were generally well 
fixed and well relaxed. Both specimens loaned 
by Baylis were in a marked degree of contrac- 
tion. 

Chen (1937) and Crusz (1946) have both 
recorded P. soricina from shrews in China and 
Ceylon, but their descriptions seem to offer 
some doubt as to their specific identifications. 
The papilla pattern of the male in both in- 
stances is described as “numerous.” Crusz’s 
Figure 5 (page 63) shows at least a dozen 
large and small papillae in scattered and irre- 
gular distribution on each side over the ventral 
surface. The number and distribution of the 
caudal papillae of the male are markedly dif- 
ferent here from P. riukinana. With reference 
to this point, in a personal communication 
under date of March 1, 1948, Baylis stated, “I 
have examined one of Mr. Crusz’s specimens . . . 
I am not at all convinced that all the small 
‘papillae’ shown in his figures are really papillae 
at all. I think many of them are subcuticular 
structures ....” 

As further evidence of a possible difference 
between P. soricina of Chen and Crusz and the 
present material, the absence of spicules might 
be cited. Chen (1937: 428) states, “Spicules 
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Fic. 1. Anatomical details of Pseudophysaloptera species (all drawings made with aid of camera lucida). 
a, Lateral view of posterior end of male Pseudophysaloptera riukiuana. (Five post-anal and a single pre-anal pa- 
pillae are shown. The full pattern [2 pre-anal pairs, 1 single pre-anal and 6 post-anal pairs} could not be 
demonstrated in every male because of the opaqueness of this area of the body.) 4, Lateral view of posterior 
end of cotype male Pseudophysaloptera soricina Baylis 1934. c, Lateral view of region of vulva of female 
Pseudophysaloptera riukiuana showing didelphic uterus. d, Lateral view of anterior end of male Pseudophysa- 
loptera rinkinana. e, Lateral view of anterior end of cotype female of Pseudophysaloptera soricina Baylis 1934. 

A, amphid; AG, ano-genital opening; BR, bursa; C, collar; BE, esophagus; G, gut; L, lip; LP, labial papilla; 
f = papilla; PAP, paired pre-anal papilla; PP, single pre-anal papilla; T, labial tooth; UB, uterine 

tanch; V, vulva. 
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(?) indistinct, in the form of two barely dis- 
cernible structures, equal, pointed at both ends, 
0.15 mm. long.” Crusz (1946) on the other 
hand states, “A very distinct pair of spicules 
present in one worm; slender, well ‘chitinized,’ 
unequal, pointed anteriorly, and blunt or prob- 
ably broken off posteriorly. Right spicule 0.231 
mm. long, left spicule 0.190 mm. long. No 
trace of any spicules in the other two worms.” 
In the same personal communication referred 
to above, Baylis has “carefully examined, with 
Mr. Crusz, the specimens from which he made 
his drawing showing ‘spicules.’ The structures 
he shows as such are certainly there, and in the 
position in which they are shown. They appear 
to be unquestionably internal, and not (as I 
had half expected) lying on the surface of the 
preparation . . . My own suggestion is that they 
do not belong to this specimen at all, but to 
some other nematode (possibly Castronodus 
strassenii Singh, 1934 which occurs in nodules 
of the stomach of the same host), which had 
somehow inserted them and had them broken 
off.” 
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There is no evidence of the presence of 
spicules in any of the males in the present col- 
lection. 
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A List of Scientific Institutions in the Pacific Area 


O. A. BUSHNELL! 


INTRODUCTION 


THIS LIST of scientific institutions in the Pacific 
area is presented with the frank hope that, in 
its way, it will help in the dissemination of 
knowledge and the exchange of information 
upon which the friendship of nations and the 
peace of the world are built. The Editors of 
Pacific Science believe that most scientists, as 
should all men, seek peace as earnestly as they 
do truth; and they believe, too, that, with the 
world as it is now, scientists and teachers—no 
matter what their disciplines may be—bear 
much of the burden of hope which the people 
of the world have placed upon their leaders in 
their yearning for peace. 

The opportunity to exchange ideas and per- 
sons, freely and without constraint, is one of 
the most important elements in understanding 
either a people or a nation. Any program or 
action, then, which can facilitate this exchange, 
is a useful one. Many such programs have al- 
ready been initiated, and many more of them 
are contemplated. The admirable policy of ex- 
changing teachers and students among nations; 
the programs and aspirations of UN, UNESCO, 
WHO, FAO; the programs of governments 
(such as that of the Fulbright Act), of inter- 
national congresses (such as the Seventh Pacific 
Science Congress in New Zealand next Feb- 
ruary ), of universities and research foundations, 
of churches and of organized and private char- 
ities; the quiet work of individuals, all are con- 
tributing, as wars and treaties never can, to 
understanding and to peace. The mere presenta- 
tion of this list of scientific institutions in the 

‘ nt of Bacteriology, University of Hawaii; 


Assistant Editor, Pacific Science. Manuscript received 
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Pacific area is a very small step toward this 
goal, but—if only because no such catalogue 
has ever been published before—it is felt that 
the list will be of value to those individuals 
and institutions throughout the world who may 
be aided by it in making their larger progress 
toward that goal. 


In the compilation of this list, information 
was sought direct from sources in each of the 
countries concerned. Letters of inquiry, asking 
for the names, addresses, and special qualifica- 
tions of scientific institutions in each of the 
countries in the Pacific hemisphere “at which 
visting scientists might find the facilities (and 
the invitation) to pursue research in their par- 
ticular subjects,” were sent to the Embassies, 
Legations, Consulates, and Information Services, 
in the United States, of each of the Pacific coun- 
tries. Identical letters were sent to the Em- 
bassies, Legations, Consulates, and Information 
Services of the United States in each of the 
countries concerned. Similar requests were sent 
to the Office of the Director General of 
UNESCO, Paris, and to the Executive Secretary 
of the United States National Commission for 
UNESCO, Department of State, Washington, 
D.C. 

The co-operation received in response to these 
letters of inquiry was amazing and heartening. 
Answers were received from almost every office 
addressed, and the information which was re- 
quested was freely given by every country, with 
one expected and regrettable exception. The 
list as it is published can be assumed to present, 
along with the facts which were sought, the 
good will and the interest of the countries 
represented in it. 
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The list is a selected one, compiled from the 
many answers received to the letters of inquiry. 
It probably presents all of the major scientific 
institutions now functioning in the countries in 
and around the Pacific Ocean and undoubtedly 
presents some of the minor institutions as well. 
Because it is difficult to appraise national vanity 
(even among scientists, often among diplo- 
mats! ), and because of my own ignorance of 
the stature of these institutions in faraway 
countries, it is possible that some institutions 
which are unworthy of the distinction have been 
added to the list, and it is probable that some 
which should have had their place in the list 
have been left out. For these errors of judg- 
ment or omissions of fact I alone must be held 
responsible, the while I hope that increasing 
knowledge of the countries of the Pacific, the 
dissemination and use of this list, and the co- 
operation of scientists throughout the world will 
help to correct them. 

The countries included in the list are ar- 
ranged alphabetically, and the institutions in 
each country are also arranged according to 
their alphabetical order. Each entry presents 
the name of the institution (in SMALL CAP- 
ITALS), its address (in roman type), and— 
where this information is known, or where it 
is not already evident from the name of the 
institution—the special qualifications of the 
institution, or some descriptive summary of its 
function (in #talics). For example: 


BERNICE P. BISHOP MUSEUM, Honolulu 35, 
Hawaii. Collection, preservation, and study 
of Hawaiian and Pacific material in eth- 
nology and the natural sciences... 


In the cases of the major universities and 
some of the research institutions which are 
equipped with facilities to do research in most 
of the fields of science, it has not been thought 


necessary to name each of the departments of — 


the institutions. The word General suggests 
their eminence and their versatility. 
On the other hand, the mention of some 
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specialty for an institution does not necessarily 
mean that its work is confined entirely to the 
field of that specialty. The specialty listed 
means only that, in the opinion of the scientists 
in that institution, or of the cultural attaché 
evaluating it, or of myself endeavoring to cat- 
alogue it, the word used is the one that seems 
best to describe the work for which the insti- 
tution is distinguished. It does not mean that 
no other work, either in related or in different 
fields, is done there. 

The fact that an institution is placed in this 
list does not mean, furthermore, that it is ready 
to accommodate visiting scientists immediately. 
In every instance, a scientist who wishes to 
pursue research in some institution other than 
his own must first make personal and definite 
arrangement with the institution of his choice 
in order to be certain that the institution pos- 
sesses facilities which he might use and that he 
would have the invitation of the institution (or 
of the country in which the institution is lo- 
cated) to share its facilities. This injunction is 
particularly true for institutions in those coun- 
tries which have recently been afflicted with 
war, or which are still troubled with civil wars, 
but it applies to all institutions, wherever they 
may be. The further difficulties of exchange of 
persons, of funds, of equipment, are so variable 
that they cannot be mentioned here, but must 
be left to the patience and perseverance of the 
individual scientist to surmount. 

Spokesmen for many of the countries whose 
scientific institutions are represented in this 
list, and for many of the institutions themselves, 
have stated that they are very much interested 
in helping visiting scientists and that they 
would welcome visitors—“always provided, of 
course, that space and equipment can be found 
for them.” This is the difficulty in almost every 
country: the welcome and the good will are 
readily offered, but the great demands made by 
their own people upon these institutions place 
a premium upon laboratory space and equip- 
ment that all too often cannot meet even the 
local needs. 














Scientific Institutions—BUSHNELL 


Acknowledgments: The assistance of the staffs 
of the many diplomatic offices and information 
services and of UNESCO, who helped to pro- 
vide the information requested of them, has 
already been acknowledged in private letters to 
them, but public acknowledgment is recorded 
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here. They are too many to name separately, 
and, in many cases, so anonymous as to be 
unknown at all, but their assistance has been so 
valuable that the list should stand rather as 


testimony to their work than to my own. 


AUSTRALIA 


AUSTRALIAN CHEMICAL INSTITUTE, 39 Martin 
Place, Sydney, New South Wales. 

AUSTRALIAN INSTITUTE OF ANATOMY, Can- 
berra, A.C. T. 

AUSTRALIAN INSTITUTE OF MINING AND MET- 
ALLURGY, 309 Little Collins Street, Mel- 
bourne, Victoria. 

AUSTRALIAN MUSEUM (SYDNEY), 
Street, Sydney, New South Wales. 
AUSTRALIAN NATIONAL MUSEUM, Canberra, 

A.< Tt. 

AUSTRALIAN NATIONAL RESEARCH COUNCIL, 
Science House, 157 Gloucester Street, Sydney, 
New South Wales. 

BAKER INSTITUTE, Alfred Hospital, Melbourne, 
Victoria. 

Medical research. 

BUREAU OF MINERAL RESOURCES, GEOLOGY, 
AND GEOPHYSICS, Chancery House, 485 
Bourke Street, Melbourne, C. 1., Victoria. 

BUREAU OF SUGAR EXPERIMENT STATIONS, 
William Street, Brisbane, Queensland. 

COMMONWEALTH FORESTRY BUREAU, Canberra, 
At. Tt. 

COMMONWEALTH METEOROLOGICAL BUREAU, 
Victoria and Drummond Streets, Carlton, Vic- 
toria. 

COMMONWEALTH OBSERVATORY, Mt. Stromlo, 
Canberra, A. C. T. 

COMMONWEALTH SERUM LABORATORIES, 45 
Poplar Street, Parkville, Melbourne, Victoria. 

COMMONWEALTH X-RAY AND RADIUM LAB- 
ORATORY, University of Melbourne, Carlton, 
N. 3, Victoria. 

COUNCIL FOR SCIENTIFIC AND INDUSTRIAL RE- 
SEARCH (C.S.I.R.), 314 Albert Street, East 
Melbourne, C. 2, Victoria. (Inquiries are to 
be addressed to the Secretary.) 

The C.S.1.R. is the largest Commonwealth 
Government organization, and is exten- 
sively subdivided as follows: 


College 


ATOMIC PHYSICS RESEARCH, University 
of Melbourne, Carlton, N. 3., Victoria. 

BUILDING MATERIALS RESEARCH, Gra- 
ham Road, Highett, S. 21, Victoria. 

COMMONWEALTH RESEARCH STATION, 
Merbein, Victoria. 

DAIRY RESEARCH SECTION, Lorimer 
Street, Fishermen’s Bend, S.C. 8, Vic- 
toria. 

DIVISION OF AERONAUTICS, Lorimer 
Street, Fishermen’s Bend, S.C. 8, Vic- 
toria. 

DIVISION OF ANIMAL HEALTH AND PRO- 
DUCTION, Park Street and Fleming- 
ton Road, Parkville, N. 2, Victoria. 

DIVISION OF BIOCHEMISTRY AND GEN- 
ERAL NUTRITION, University Grounds, 
Adelaide, South Australia. 

DIVISION OF ECONOMIC ENTOMOLOGY, 
P. O. Box 109, Canberra City, A. C. T. 

DIVISION OF ELECTROTECHNOLOGY, Na- 
tional Standards Laboratory, City 
Road, Chippendale, New South Wales. 

DIVISION OF FISHERIES, Box 21, P. O. 
Cronulla, New South Wales. 

DIVISION OF FOOD PRESERVATION AND 
TRANSPORT, Private Bag, Homebush, 
New South Wales. 

DIVISION OF FOREST PRODUCTS, 69 
Yarra Bank Road, South Melbourne, 
S. C. 4, Victoria. 

DIVISION OF INDUSTRIAL CHEMISTRY, 
Lorimer Street, Fishermen’s Bend, S. 
C. 8, Victoria. 

DIVISION OF METROLOGY, National 
Standards Laboratory, City Road, 
Chippendale, New South Wales. 

DIVISION OF PHYSICS, National Stand- 
ards Laboratory, City Road, Chippen- 
dale, New South Wales. 

DIVISION OF PLANT INDUSTRY, P. O. 
Box 109, Canberra City, A.C. T. 
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DIVISION OF RADIOPHYSICS, National 
Standards Laboratory, City Road, 
Chippendale, New South Wales. 

DIVISION OF SOILS, Waite Agricultural 
Research Institute, Private Mail Bag, 
Adelaide, South Australia. 

FLAX RESEARCH, Graham Road, Highett, 
S. 21, Victoria. 

INFORMATION SERVICE, 425 St. Kilda 
Road, Melbourne, S. C. 2, Victoria. 

IRRIGATION RESEARCH STATION, Private 
Mail Bag, Griffith, New South Wales. 

MINERAGRAPHIC INVESTIGATIONS, c/o 
Geology School, University of Mel- 
bourne, Carlton, N. 3, Victoria. 

ORE DRESSING INVESTIGATION, c/o Met- 
allurgy School, University of Mel- 
bourne, Carlton, N. 3, Victoria. 

RADIO RESEARCH BOARD, c/o Electrical 
Engineering Department, University 
of Sydney, Chippendale, New South 
Wales. 

SECTION OF MATHEMATICAL STATIS- 
Tics, c/o University of Adelaide, 
North Terrace, Adelaide, South Aus- 
tralia. 

SECTION OF METEOROLOGICAL PHYSICS 
RESEARCH, 572 Flinders Lane, Mel- 
bourne, C. 1, Victoria. 

SECTION OF PHYSICAL METALLURGY, 
University of Melbourne, Carlcon, N. 
3, Victoria. 

SECTION OF TRIBOPHYSICS, University 
of Melbourne, Carlton, N. 3, Victoria. 

WOOL TEXTILE TECHNOLOGY, 314 Al- 
bert Street, East Melbourne, C. 2, 
Victoria. 

WALTER AND ELIZA HALL INSTITUTE FOR MED- 
ICAL RESEARCH, Royal Melbourne Hospital, 
Parkville, Melbourne, N. 2, Victoria. 

INSTITUTE OF AGRICULTURE OF THE UNIVER- 
SITY OF WESTERN AUSTRALIA, Nedlands, 
Western Australia. 

INSTITUTE OF MEDICAL RESEARCH OF NEW 
SOUTH WALES, Royal North Shore Hospital, 
St. Leonards, New South Wales. 

KANEMATSU MEMORIAL INSTITUTE OF PATH- 
OLOGY, Sydney Hospital, Sydney, New South 
Wales. 

MARINE BIOLOGICAL STATION, UNIVERSITY OF 
SYDNEY, Port Jackson. 

MELBOURNE WOMEN’S HOSPITAL, Swanston 
Street, Melbourne, N. 3, Victoria. 

Pathology. 
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MICROBIOLOGICAL LABORATORY, 93 Macquarie 
Street, Sydney, New South Wales. 


MUNITIONS SUPPLY LABORATORIES, Maribyr- 
nong, Victoria, with branch establishments at 
Adelaide and Sydney. 

MUSEUM OF TECHNOLOGY AND APPLIED SCI- 
ENCE (formerly known as the Sydney Tech- 
nological Museum), Harris Street, Broadway, 
Sydney, New South Wales. 

NATIONAL HEALTH AND MEDICAL RESEARCH 
COUNCIL, Canberra, A.C.T. (Inquiries are 
to be addressed to the Director-General of 
Health. ) 

NATIONAL MUSEUM (VICTORIA), Swanston 
Street, Melbourne, Victoria. 


NATIONAL UNIVERSITY OF AUSTRALIA, Can- 
berra, A.C.T. (“This University is now in 
the course of being built. Details of organi- 
zation are not yet available, but research de- 
partments of medicine and physics are al- 
ready being established.”) [CS.IR., Letter, 
February 20, 1948.} 

PERTH MUSEUM, Beaufort Street, Perth, West- 
ern Australia. 


QUEENSLAND MUSEUM, Gregory Terrace and 
Bowen Bridge Road, Brisbane, Queensland. 


SCHOOL OF MINES, North Terrace, Adelaide, 
South Australia. 


SCHOOL OF MINES, Ballarat, Victoria. 


SCHOOL OF MINES, Kalgoorlie, Western Aus- 
tralia. 

SOUTH AUSTRALIAN MUSEUM, North Terrace, 
Adelaide, South Australia. 


TASMANIAN MUSEUM, Macquarie Street, Ho- 
bart, Tasmania. 
UNIVERSITY OF ADELAIDE, North Terrace, Ade- 


laide, South Australia. 
General. 


UNIVERSITY OF MELBOURNE, Carlton, N. 3, 
Victoria. 
General. 


UNIVERSITY OF QUEENSLAND, George Street, 
Brisbane, Queensland. 
General. 


UNIVERSITY OF SYDNEY, Parramatta Road, Syd- 
ney, New South Wales. 
General. 
UNIVERSITY OF TASMANIA, Hobart, Tasmania. 
General. 


UNIVERSITY OF WESTERN AUSTRALIA, Ned- 
lands, Western Australia. 
General. 
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STATE GOVERNMENTS AND DEPARTMENTS: 
“Each of the six State Governments of Aus- 
tralia maintains scientific departments or sub- 
departments which deal largely with scientific 
problems arising within the State, and which 
also carry out a considerable amount of routine 
and other scientific work associated with the 
laws and regulations of the State. Thus, in each 
of the States, there is a Department of Agricul- 
ture; a Forest Service; a Department of Main 
Roads; a Mines Department; a Lands Depart- 
ment; and Government Chemical Laboratories, 
etc. These bodies can render assistance in spe- 
cialized fields, but direct approach to them 
would be desirable in all cases.” [C.S.LR., Letter, 
February 20, 1948.] 

Mr. J. E. Cummins, Officer-in-Charge of the 
Information Service of the Council for Scientific 
and Industrial Research, writes that “it is not 
possible to express an opinion as to whether 
each of the institutions or departments [in- 
cluded in this list for Australia} would be able 
to provide accommodation for visiting scien- 
tists. Unfortunately, the facilities for research 
in some of the scientific institutions are very 
limited, and, depending upon the time of visit 
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and the period of this, a definite decision could 
not be made as a general statement. However, 
I am sure that all of the Australian research in- 
stitutions listed would be only too pleased to 
do their utmost to provide assistance. 

“In the specific case of the CS.LR....the 
Executive Committee of the Council have in- 
formed me that they would be glad to welcome 
visiting scientists in any of their laboratories 
and would be only too pleased to make facilities 
available for them. May I suggest, therefore, 
that... intending visitors should make direct 
enquiries before visiting Australia and while 
their plans are still in the formative stage.” 

This information was received from the In- 
formation Service of the Council for Scientific 
and Industrial Research of the Commonwealth 
of Australia, 425 St. Kilda Road, Melbourne, 
S. C. 2, through the assistance of the Scientific 
Liaison Office of the Australian Embassy, Wash- 
ington, D.C.; from the British Consulate, Hono- 
lulu, T.H.; from the British Information Serv- 
ices, New York; from the American Embassy, 
Canberra, Australia; and from UNESCO, Paris. 
February—April, 1948. 


BRITISH MALAYA 


BOTANICAL GARDENS, Singapore. 
COLLEGE OF ‘AGRICULTURE, Kuala Lumpur. 
INSTITUTE FOR MEDICAL RESEARCH, Kuala 
Lumpur. 
KING EDWARD VII COLLEGE OF MEDICINE, Singa- 
pore. 
RAFFLES COLLEGE, Singapore. 
General. 


RAFFLES MUSEUM AND LIBRARY, Singapore. 
Anthropology, archaeology, botany, and 
zoology of Malaysia. 

RUBBER RESEARCH INSTITUTE, Kuala Lumpur. 


This information was received from the Amer- 
ican Consulate General, Singapore. March, 1948. 


CANADA 


FISHERIES EXPERIMENTAL STATION, 898 Rich- 
ards Street, Vancouver, B. C. 
Fisheries technology. 
PACIFIC BIOLOGICAL STATION, Nanaimo, B.C. 
Fisheries, marine biology, oceanography. 
UNIVERSITY OF ALBERTA, Edmonton, Alberta. 
General. 
UNIVERSITY OF BRITISH COLUMBIA, Vancouver, 
B.C. 
Agriculture, bacteriology, biophysics, geol- 
ogy, geophysics, marine algae and oceanog- 
raphy, nuclear physics, preventive medicine, 
Spectroscopy. 


UNIVERSITY OF MANITOBA, Winnepeg, Mani- 
toba. 
Botany, chemistry, geology, zoology. 
UNIVERSITY OF SASKATCHEWAN, Saskatoon, 
Saskatchewan. 
Physical chemistry, medicine, physics. 


This information was received from the Uni- 
versity of British Columbia, Vancouver, B.C., 
and from the National Research Council of 
Canada, through the Canadian (N.R.C.) Sci- 
entific Liaison Office, Washington, D.C. Jan- 
uary—April, 1948. 
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CANAL ZONE 


CANAL ZONE BIOLOGICAL AREA (formerly 
Barro Colorado Island Biological Laboratory ), 
Balboa, Canal Zone. 

Biological research. 
CANAL ZONE BRANCH, BUREAU OF ENTOMOL- 


OGY, U. S. DEPARTMENT OF AGRICULTURE, 
Balboa, Canal Zone. 


CANAL ZONE EXPERIMENT GARDENS, Pedro 
Miguel, Canal Zone. 
Botanical research. 


This information was received from the 
American Embassy, Panama, R. P., and from 
UNESCO, Paris. January-April, 1948. 


CHILE 


AMERICAN SOCIETY OF AGRICULTURAL SCI- 
ENCES, CHILEAN CHAPTER, Departamento de 
Genetica Fitotecnica, Ministerio de Agricul- 
tura, Santiago. 

INSTITUTO BACTERIOLOGICO DE CHILE, Bor- 
goiio 1470, Santiago. 

INSTITUTO BIOLOGICO Y ESTACION EXPERI- 
MENTAL DE LA SOCIEDADE NACIONAL DE 
AGRICULTURA, F. Lazcano 1502, Santiago. 


INSTITUTO PANAMERICANO DE INGENIERIA DE 
MINAS Y GEOLOGIA, Casilla 9228, Calle Aus- 
tinas 1111, Santiago. 

MUSEO ARAUCANO, Temuco. 

MUSEO NACIONAL DE HISTORIA NATURAL, 
Quinta Normal, Santiago. 


OBSERVATORIO ASTRONOMICO, El Bosque, Cis- 

terna, Santiago. 

UNIVERSIDAD CATOLICA DE CHILE, Santiago. 
Astronomy, biological and physical sciences, 
mathematics, medicine. 

UNIVERSIDAD DE CHILE, Santiago. 

Biological and physical sciences, mathe- 
matics, marine biology, medicine, seis- 
mology. 

UNIVERSIDAD DE CONCEPCION, Concepcion. 
Mathematics, medicine, physical sciences. 


This information was received from the Em- 
bassy of Chile, Washington, D.C. from the 
American Embassy, Santiago; and from UNES- 
CO, Paris. February—April, 1948. 


CHINA 


ACADEMIA SINICA, Nanking. 

Astronomy, geology, meteorology. 

ACADEMIA SINICA, Shanghai. 

Botany, chemistry, engineering, mathemat- 
ics, medicine, physics, psychology, zoology. 

AURORA UNIVERSITY, Shanghai. 

Medicine, science and engineering; Le 
Musée Hende. 

CATHOLIC UNIVERSITY OF PEIPING, Peiping. 
Anthropology, biology, chemistry, physics, 
Science. 

CHINA GEOGRAPHICAL RESEARCH INSTITUTE, 

Nanking. 

CHINESE ASSOCIATION FOR THE ADVANCEMENT 
OF SCIENCE [formerly Science Society of 
China}, 235 Shensi Road (South), Shanghai. 

CHINESE CHEMICAL SOCIETY, c/o National Cen- 
tral University, Nanking. 

CHINESE MEDICAL ASSOCIATION, 41 Tzeki Rd., 
Shanghai. 


CHINESE PHYSICAL SOCIETY, c/o National 
Academy of Peiping, Peiping. 
CHINESE PUBLIC HEALTH ASSOCIATION, 179 
Pei Hsia Road, Nanking. 
GEOLOGICAL SOCIETY OF CHINA, 942 Chu- 
kiang Road, Nanking. 
LINGNAN UNIVERSITY, Canton. 
Agriculture, biology, chemistry, medicine, 
physics, science and engineering. 
NATIONAL ACADEMY OF PEIPING, Peiping. 
Botany, chemistry, geology, physics, physt- 
ology, zoology. 
NATIONAL ACADEMY OF PEIPING, Shanghai. 
Materia medica, radium. 
NATIONAL ACADEMY OF PEIPING, Wukang, 
Shensi. 
Botanical survey of northwest China. 
NATIONAL AMOY UNIVERSITY, Amoy. 
Fisheries, oceanography, science and engi- 
neering. 
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NATIONAL ANWHEI UNIVERSITY, Anking. 
Agriculture, science. 
NATIONAL CENTRAL UNIVERSITY, Nanking. 
General. 
NATIONAL CHANGCHUN UNIVERSITY, Chung- 
chun. 
Agriculture, engineering, medicine. 
NATIONAL CHEKIANG UNIVERSITY, Hangchow. 
Agriculture, engineering, science. 
NATIONAL CHIAO TUNG UNIVERSITY, Shanghai. 
Engineering, science. 
NATIONAL CHI NAN UNIVERSITY, Shanghai. 
Science. 
NATIONAL CHUNG CHEN UNIVERSITY, Nan- 
chang, Kiangsi. 
Agriculture, engineering, medicine, science. 
NATIONAL CHUNGKING UNIVERSITY, Chung- 
king. 
Arts and science, engineering, medicine. 
NATIONAL FUH TAN UNIVERSITY, Shanghai. 
Agriculture, science. 
NATIONAL HONAN UNIVERSITY, Kaifeng. 
Agriculture, engineering, medicine, science. 
NATIONAL HUNAN UNIVERSITY, Changsha. 
Engineering, science. 

NATIONAL KWANGSI UNIVERSITY, Kweilin. 
Agriculture, science and engineering. 
NATIONAL KWEICHOW UNIVERSITY, Kweiyang. 

Agriculture, arts and science, engineering. 
NATIONAL LANCHOW UNIVERSITY, Lanchow. 
Arts and science, medicine, veterinary med- 
icine. 
NATIONAL NAKAI UNIVERSITY, Tientsin. 
Science. 
NATIONAL NORTHEASTERN UNIVERSITY, Muk- 
den. 
Agriculture, engineering, science. 
NATIONAL NORTHWESTERN UNIVERSITY, Sian, 
Shensi. 
Medicine, science. 
NATIONAL PEI YANG UNIVERSITY, Tientsin. 
Engineering, science. 
NATIONAL PEKING UNIVERSITY, Peiping. 
General. 
NATIONAL SHANGHAI 
Shanghai. 
Biochemistry, medicine, pathology, pharma- 
cology. 
NATIONAL SHANSI UNIVERSITY, Taiyuan. 
Engineering, medicine. 
NATIONAL SHANTUNG UNIVERSITY, Tsingtao. 
Agriculture, engineering, medicine, ocean- 
ography, science. 


MEDICAL COLLEGE, 
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NATIONAL SUNYATSEN UNIVERSITY, Canton. 
General. 

NATIONAL SZECHWAN UNIVERSITY, Chengtu. 
Agriculture, science and engineering. 

NATIONAL TAIWAN UNIVERSITY, Taipei. 
Agriculture, engineering, medicine, science. 

NATIONAL TSING HUA UNIVERSITY, Peiping. 
General. 

NATIONAL TUNG CHI UNIVERSITY, Shanghai. 
Engineering, medicine. 

NATIONAL WUHAN UNIVERSITY, Wuchang. 
General. 

NATIONAL YIN SHIH UNIVERSITY, Kinghua, 

Chekiang. 

Agriculture, arts and science, engineering. 

NATIONAL YUNAN UNIVERSITY, Kunming. 
Agriculture, engineering, medicine, science. 

NATURAL SCIENCE SOCIETY OF CHINA, c/o Na- 

tional Central University, Nanking. 

PEIPING UNION MEDICAL COLLEGE, Peiping. 
Medicine, public health. 

UNIVERSITY OF NANKING, Nanking. 
Agriculture, science. 

UNIVERSITY OF SHANGHAI, Shanghai. 
Science. 

YENCHING UNIVERSITY, Peiping. 
Science. 


The information for this selected list was 
received through the American Embassy at 
Nanking, China, from the office of Dr. Han 
Ch’ing-lien, Director of the Department of Cul- 
tural Relations of the Ministry of Education in 
Nanking. The very great number of scientific 
institutions in China makes it impossible to 
include all of them in this presentation: only 
the major institutions—most of the national 
universities and some of the established private 
universities and scientific associations — have 
been listed here. The special qualifications noted 
for them are generalizations based upon the 
colleges, institutes, or departments which Dr. 
Han’s office has indicated are found at the 
respective institutions. In the cases of the 
largest universities, which possess most of the 
facilities and curricula offered by large univer- 
sities the world over, the word General has been 
used to denote this fact. 

Further information about the institutions 
listed here, or about the numerous smaller col- 
leges and provincial universities, societies, and 
institutes throughout China which are not con- 
sidered in this list, can be obtained from the 
helpful office of Dr. Han Ch’ing-lien in Nan- 
king. 








250 





PACIFIC SCIENCE, Vol. II, October, 1948 


COLOMBIA 


CENTRO NACIONAL DE INVESTIGACIONES DEL 

CAFE, Chinchina, Caldas. 
Coffee technology. 

COLLEGIO DE SAN JOSE, Medellin, Antioquia. 
General; Museum of Natural Sciences. 
DEPARTAMENTO DE TIERRAS, Ministerio de la 

Economia Nacional, Bogota. 
Forestry and soil conservation. 

DEPARTAMENTO TECNICO DE LA FEDERACION 

NACIONAL DE CAFETEROS, Bogota. 
Coffee technology. 

DIVISIONES TECNICAS, Ministerio de Higiene, 
Bogota. 

Public health. 

ESCUELA NACIONAL DE MINAS, Medellin, An- 
tioquia. 

Mining and associated sciences. 

ESCUELA NORMAL SUPERIOR, Bogota. 

General. 

ESTACION AGRICOLA EXPERIMENTAL DE AR- 

MERO, Armero, Tolima. 
Agricultural research. 

ESTACION AGRICOLA EXPERIMENTAL DE PAL- 

MIRA, Palmira, Valle. 
Agricultural research. 

ESTACION AGRICOLA EXPERIMENTAL DE SE- 

VILLA, Sevilla, Magdalena. 
Agricultural research. 

FACULTAD DE AGRONOMIA DE LA UNIVERSIDAD 

NACIONAL, Medellin, Antioquia. 
Agronomy, agriculture. 

GRANJA GANADERA DE MONTERIA, Monteria, 
Bolivar. 

Veterinary parasitology. 

INSTITUTO DE BIOLOGIA, Departamento Na- 
cional de Agricultura, Instituto Ciencias Na- 
turales de la Ciudad Universitaria, Apartado 
Postal 2535, Bogota. 

Botany, entomology, phytopathology. 

INSTITUTO DE CIENCIAS NATURALES DE LA 
UNIVERSIDAD NACIONAL DE COLOMBIA, Ciu- 
dad Universitaria, Apartado Postal 2535, 
Bogota. 

Botany, entomology, ornithology. 


INSTITUTO DE ESTUDIOS ESPECIALES “CARLOS 
FINLAY,” Bogota. 
Medical entomology, virology. 


INSTITUTO DE LA SALLE, Apartado 475, Bogota. 
Natural sciences. 


INSTITUTO DE MALARIOLOGIA, Bogota. 
Malariology, parasitology. 


INSTITUTO GEOFISICO DE LOS ANDES COLOM- 
BIANOS, Apartado 270, Bogota. 
Geophysics, meteorology. 


INSTITUTO NACIONAL DE HIGIENE “SAMPER 
MARTINEZ,” Bogota. 
Chemotherapeutics, pharmacology, public 
health. 


LABORATORIO CENTRAL DE INVESTIGACION DE 
LEPRA, Bogota. 
Leprosy. 
LABORATORIO CUP (CESAR URIBE PIEDRA- 
HITA), Bogota. 
Bacteriology, chemistry, parasitology, phar- 
macodynamics. 


LABORATORIO QUIMICO NACIONAL DE ANALI- 
SIS E INVESTIGACION, Ministerio de Minas y 
Petréleos, Bogota. 

Geochemistry, geophysics. 


OBSERVATORIO ASTRONOMICO NACIONAL, Bo- 
gota. 
Astronomy, meteorology. 
UNIVERSIDAD DE ANTIOQUIA, Apartado 217, 
Medellin, Antioquia. 
General. 


UNIVERSIDAD NACIONAL DE COLOMBIA, Ciudad 
Universitaria, Bogota. 
General. 


This list was selected from a Directorio Cienti- 
fico Colombiano, prepared by Dr. Enrique Perez 
Arbelaez at the direction of the Ministry of 
National Education, Colombia, and sent to us 
by the American Embassy, Bogota, in January, 
1948. 
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COSTA RICA 


DEPARTAMENTO NACIONAL DE AGRICULTURA, 
San José. 
Agriculture, botany. 
INSTITUTO INTERNACIONAL DE CIENCIAS AGRI- 
COLAS, Turrialba. 
Agricultural research. 


INSTITUTO NACIONAL GEOGRAFICO, San José. 


UNIVERSIDAD DE COSTA RICA, San José. 
General. 


This information was received from the Em- 
bassy of Costa Rica, Washington, D.C.; from 
the American Embassy, San José; and from 
UNESCO, Paris. February—April, 1948. 


ECUADOR 


UNIVERSIDAD CATOLICA, Quito. 
UNIVERSIDAD CENTRAL, Quito. 
UNIVERSIDAD DE CUENCA, Cuenca. 
UNIVERSIDAD DE GUAYAQUIL, Guayaquil. 
UNIVERSIDAD DE LOJA, Loja. 


This information was received from the Em- 
bassy of Ecuador, Washington, D.C., and from 
the American Embassy, Quito. January, 1948. 


FIJI ISLANDS 


AGRICULTURAL DEPARTMENT, Fiji Government, 
Suva. (Address the Director of Agriculture.) 
{“Office accommodation and library facili- 
ties...for one or two visiting scientists 
who are not concerned with laboratory 
studies ...”} 
MEDICAL DEPARTMENT, Fiji Government, Suva. 
(Address the Director of Medical Services. ) 
CENTRAL LEPER HOSPITAL, Makogai. 
PATHOLOGICAL LABORATORY, Suva. 
{Facilities ...can readily be expanded 
to meet the requirements of special 
research projects. Visiting research 
workers would be welcome so far as 
limitations of space allow ...”} 


TUBERCULOSIS HOSPITAL, Tamavua. 


This information was received from the Director 
of Agriculture and from the Director of Med- 
ical Services, Fiji Government, Suva, through 
the American Consulate, Suva; and from the 
British Consulate, Honolulu, T.H. February- 
March, 1948. 


GUATEMALA 


DIRECCION GENERAL DE AGRICULTURA, De- 
partamentos de Sanidad Vegetal y Plantas 
Medicinales, Guatemala City. 


INSTITUTO DE MINERIA E HIDROCARBUROS, 
Guatemala City. 
Mining, soil science. 
JARDIN BOTANICO, Paseo “La Reforma,” Gua- 
temala City. 


OBSERVATORIO NACIONAL METEOROLOGICO, La 
Aurora. 
Meteorology. 
SOCIEDAD DE GEOGRAFIA E HISTORIA, Guate- 
mala City. 


This information was received from the Guate- 
malan Embassy, Washington, D.C., and from 
UNESCO, Paris. January-April, 1948. 
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HONDURAS 


ASOCIACION MEDICA HONDURENA, Teguci- 
galpa. 
Medical research. 
ASOCIACION DE QUIMICA Y FARMACIA DE HON- 
DURAS, Tegucigalpa. 
Chemistry and pharmacology. 
LANCETILLA EXPERIMENT STATION OF THE 
TELA RAILROAD COMPANY, La Lima. 
USDA and United Fruit Company research 
in rubber and other plant crops. 


SOCIEDAD DE ANTROPOLOGIA, Tegucigalpa. 
Anthropology. 
SOCIEDAD DE GEOGRAFIA E HISTORIA DE HON- 
DURAS, Avenida Cervantes, Tegucigalpa. 
Geography and history. 


This information was received from the Hon- 
duran Ministry of Education, through the Amer- 
ican Embassy, Tegucigalpa, and from UNESCO, 
Paris. January-April, 1948. 


INDO-CHINA 


ECOLE FRANCAISE D’'EXTREME-ORIENT, 26 Bou- 
levard Carreau, Hanoi. 
Anthropology, archaeology, ethnology. 
INSTITUT DE BIOLOGIE, Saigon. 
INSTITUT OCEANOGRAPHIQUE DE NHATRANG, 
Nhatrang, Annam. 
INSTITUT PASTEUR, in Dalat, Hanoi, Nhatrang, 
and Saigon. 
Medicine, public health. 
INSTITUT DE RECHERCHES AGRONOMIQUE DE 
SAIGON, 58 Rue du Docteur Angier, Saigon. 


STATION D’ESSAI D’AGRICULTURE, Blas. 
UNIVERSITE DE HANOI, 11 Boulevard Bobillot, 
Hanoi. 
General. 
UNIVERSITE DE SAIGON, Saigon. 
Medicine, natural and physical sciences. 


This information was received from the Em- 
bassy of France, Washington, D. C., and New 
York; from the French Consulate, Honolulu, 
T.H.; and from the American Consulate at 
Hanoi, Indo-China. February, 1948. 


JAPAN 


AGRICULTURAL EXPERIMENT STATION, Minis- 
try of Agriculture and Forestry, Tokyo. 

AGRICULTURAL RESEARCH INSTITUTE, Ofuna. 

APPLIED SCIENCE RESEARCH INSTITUTE, Kyoto. 


BREWING EXPERIMENT STATION, Ministry of 
Finance, Tokyo. 


CANNING INSTITUTE OF JAPAN, Tokyo. 


CHROMOSOMES RESEARCH INSTITUTE, Yama- 
nishi-ken. 


ELECTRONIC SCIENCE RESEARCH INSTITUTE, 
Osaka 


FERMENTATION RESEARCH INSTITUTE, Ministry 
of Commerce and Industry, Chiba. 


FERTILIZER RESEARCH INSTITUTE, Tokyo. 
FISHERIES EXPERIMENT STATION, Tokyo. 
FOOD CHEMISTRY RESEARCH INSTITUTE, Osaka. 


FOOD RESEARCH INSTITUTE, Ministry of Agri- 
culture and Forestry, Tokyo. 


FORESTRY EXPERIMENT STATION, Tokyo. 


FUEL RESEARCH INSTITUTE, Ministry of Com- 
merce and Industry, Saitama-ken. 

FURUKAWA PHYSICAL AND CHEMICAL RE- 
SEARCH INSTITUTE, Tokyo. 

GEOLOGICAL SURVEY, Tokyo. 

GOVERNMENT CHEMICAL AND INDUSTRIAL RE- 
SEARCH LABORATORY, Ministry of Commerce 
and Industry, Tokyo. 

GOVERNMENT HYGIENIC LABORATORY, Ministry 
of Welfare, Tokyo. 

GOVERNMENT RESEARCH INSTITUTE FOR CERA- 
MICS, Ministry of Commerce and Industry, 
Kyoto. 

HAKODATE FISHERIES COLLEGE, Hakodate. 

HATTORI FOUNDATION FOR BOTANICAL RE- 
SEARCH, Miyazaki-ken. 

HIROSHIMA COLLEGE OF SCIENCE AND LITERA- 
TURE, Hiroshima. 

General sciences, marine biological station, 
theoretical physics imstitute. 
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HITACHI CENTRAL LABORATORY, Tokyo. 
Chemical, electrical, and mechanical tech- 
nology. 
HOKKAIDO FISHERIES EXPERIMENT STATION, 
Yoichi. 

HOKKAIDO FORESTRY EXPERIMENT STATION, 
Sapporo. 

HOKKAIDO INDUSTRIAL RESEARCH INSTITUTE, 
Sapporo. 

HOKKAIDO UNIVERSITY, Sapporo. 

Agricultural sciences, medicine, techno- 
logical sciences; Akkeshi Marine Biological 
Station, Algological Research Laboratory, 
Institute of Low Temperature Research. 


HORTICULTURAL EXPERIMENT STATION, Shi- 
zuoka-ken. 
INDUSTRIAL MATERIALS RESEARCH LABORA- 
TORY, Fukuoka-ken. 
IWATA INSTITUTE OF PLANT BIOCHEMISTRY, 
Tokyo. 
KEIO UNIVERSITY, Tokyo. 
Engineering, medicine, science. 
KIHARA INSTITUTE FOR BIOLOGICAL RESEARCH, 
Kyoto. 
KOBAYASHI BACTERIOLOGICAL LABORATORY, 
Fukushima-ken. 
KOBAYASHI INSTITUTE OF PHYSICAL RESEARCH, 
Tokyo. 
KYOTO MEDICAL COLLEGE, Kyoto. 
KYOTO UNIVERSITY, Kyoto. 
Agriculture, engineering, medicine, science; 
Beppu Volcanological Hot Springs Insti- 
tute, Otsu Hydrobiological Station, Seto 
Marine Biological Station; Institutes of 
Chemical Research, Engineering Research, 
and Wood Research. 
KYUSHU UNIVERSITY, Fukuoka. 
Agriculture, engineering, medicine, science; 
Amakusa Laboratory for Marine Biology, 
Hikosan Biological Research Laboratory, 
Institute for Wood Research. 
MEGURO RESEARCH INSTITUTE, Tokyo. 
Biology, chemical technology. 
NAGOYA RESEARCH INSTITUTE OF SCIENCE AND 
INDUSTRY, Nagoya. 
NAGOYA UNIVERSITY, Nagoya. 
Engineering, science; marine biological sta- 
tion. 
NATIONAL RESEARCH COUNCIL, Tokyo. 
Special committees for all fields of research. 
NATURAL RESOURCES RESEARCH INSTITUTE, 
Tokyo. 


253 
NIHON UNIVERSITY, Tokyo. 
Agriculture, engineering. 
NOGUCHI RESEARCH INSTITUTE, Tokyo. 
Medical microbiology. 
NOHARA RESEARCH INSTITUTE, Nagoya. 
Biochemistry, chemical technology. 
OCEANOGRAPHIC CHEMISTRY INSTITUTE, 


Kyoto. 


OHARA INSTITUTE FOR AGRICULTURAL RE- 
SEARCH, Okayama. 


OSAKA INDUSTRIAL RESEARCH LABORATORY, 
Ministry of Commerce and Industry, Osaka. 


OSAKA UNIVERSITY, Osaka. 
Engineering, medicine, science; Institute of 
Scientific and Industrial Research. 


PHYSICAL AND CHEMICAL RESEARCH INSTI- 
TUTE, Tokyo. 


PHYSICAL INSTITUTE FOR RADIO WAVES, Tokyo. 


SANKYO COMPANY, Tokyo. 
Biochemistry, chemical technology. 


SCIENTIFIC FISHERIES INSTITUTE, Hakodate. 
SERICULTURE EXPERIMENT STATION, Tokyo. 
TEA EXPERIMENT STATION, Shizuoka-ken. 


TOHOKU UNIVERSITY, Sendai. 
Engineering, medicine, science; Asamushi 
Marine Biological Station, Mukaiyama Ob- 
servatory, Oceanochemistry Laboratory; In- 
stitutes of Agricultural Research, Glass, 
Metallurgy, and Scientific Measurements. 


TOKUGAWA BIOLOGICAL INSTITUTE, Tokyo. 


TOKYO COLLEGE OF AGRICULTURE AND FOR- 
ESTRY, Tokyo. 


TOKYO INSTITUTE OF TECHNOLOGY, Tokyo. 


TOKYO UNIVERSITY, Tokyo. 
Agriculture and fisheries, enginering, med- 
icine, science; Botanical Garden, Misaki 
Marine Biological Station; Institutes of As- 
tronomy, Earthquake Research, Radiation 
Chemistry, Phystographic Research, Science 
and Technology. 


TOKYO UNIVERSITY OF LITERATURE AND SCI- 
ENCE, Tokyo. 
Science; Shimoda Marine Biological Lab- 
oratory, Sugadaira High Land Biological 
Laboratory. 
YAMASHINA ORNITHOLOGICAL INSTITUTE, 
Tokyo. 
WASEDA UNIVERSITY, Tokyo. 
Science and engineering. 
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This information was taken from Report No. 
12 {Index to Japanese Research and Develop- 
ment during Period July-December, 1946, pub- 
lished April, 1948} of General Headquarters, 
Supreme Commander for the Allied Powers, 
Economic and Scientific Section. This Index 
“lists the detailed subjects of research projects 
pursued in Japan during the last half of 1946 
in each field of science and technology, together 
with the names of the laboratories which did 
the work...” The selected list presented here 
by Pacific Science is considerably abridged, and 
shows only the major institutions in Japan— 
as best as can be judged from the SCAP Index 
—at which scientific research may be carried on. 
Many other institutions —like the prefectural 
experimental stations and colleges—are not 
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listed here; and it is possible, according to the 
preface of the SCAP report, that some of the 
finest small laboratories in Japan have been 
omitted, unintentionally, because information 
about them was either unobtainable or because 
awareness of their quality was lost when their 
appraising was reduced to the statistics of the 
report. 

Requests for information about institutions 
or facilities in Japan, and concerning their ac- 
cessibility to visiting scientists, should be sent 
to General Headquarters, Supreme Commander 
for the Allied Powers, Economic and Scientific 
Section: attention Scientific and Technical 
Division, APO 500, c/o Postmaster, San Fran- 
cisco, California. 


KOREA 


(South Korea Interim Government) 


PUSAN FISHERIES COLLEGE, Pusan. 


SEOUL NATIONAL UNIVERSITY, Seoul. 
Arts and science, engineering, medicine, 
veterinary medicine. 


SEOUL NATIONAL UNIVERSITY, Suwon. 
Agriculture. 


SEVERANCE MEDICAL COLLEGE, Seoul. 
Medicine, nursing, public health. 


This information was received from the Depart- 
ment of Education, South Korea Interim Gov- 
ernment, USAMGIK, APO 235-2, c/o Post- 
master, San Francisco, California. March, 1948. 


MEXICO 


INSTITUTO DE BIOLOGIA APPLICADA, Ignacio 
Mariscal 155, Mexico, D. F. 

INSTITUTO DE CARDIOLOGIA, Calzada de la Pie- 
dad 300, Mexico, D. F. 

INSTITUTO NACIONAL DE ANTROPOLOGIE HIS- 
TORIA, Cérdoba 73, Mexico, D. F. 

INSTITUTO PANAMERICANO DE GEOGRAFIA E 
HISTORIA, Observatoria 192, Tacubaya, D. F. 

INSTITUTO DE SALUBRIDAD Y ENFERMEDADES 
TROPICALES, Plan de San Luis y Prolongacién 
Carpio, Mexico, D. F. 

OBSERVATORIO ASTRONOMICO NACIONAL, Ta- 
cubaya, D. F. 

SOCIEDAD BOTANICA DE MEXICO, Morelos 61, 
Mexico, D. F. 

SOCIEDAD DE ESTUDIOS ASTRONOMICOS Y GEO- 
Fisicos, Av. Observatorio 192, Tacubaya, 
D. F. 

SOCIEDAD MEXICANA DE ESTUDIOS SOBRE TU- 
BERCULOSIS, Apartado Postal 2425, Mexico, 
D. F. 


UNIVERSIDAD NACIONAL AUTONOMA: 
INSTITUTO DE BIOLOGIA, Casa del Lago, Cha- 
pultepec, Mexico, D. F. 


INSTITUTO DE FISICA, Tacuba 5, Mexico, 
D. F. 


INSTITUTO DE GEOGRAFIA, Lic. Verdad No. 
3, Mexico, D. F. 


INSTITUTO DE GEOLOGIA, Cipres 176, Mexico, 
D. F. 


INSTITUTO DE MATEMATICAS, Tacuba 5, 
Mexico, D. F. 


INSTITUTO DE QUIMICA, Santa Cruz Atenco, 
Tacuba, D. F. 


This information was received from the [Mexi- 
can} Commission for the Promotion and 
Coérdination of Scientific Research, through 
the American Embassy, Mexico, D. F. February, 
1948. 
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NETHERLANDS INDIES 


ALGEMEEN PROEFSTATION DER ALGEMENE VER- 
ENIGING RUBBERPLANTERS SUMATRA OOST- 
KUST [CENTRAL EXPERIMENT STATION, 
GENERAL ASSOCIATION OF RUBBER PLANT- 
ERS OF THE EAST COAST OF SUMATRA], Me- 
dan, Sumatra. 

Rubber research. 

ALGEMEEN PROEFSTATION VOOR DEN LAND- 
BOUW [GENERAL AGRICULTURAL EXPERI- 
MENT STATION], Buitenzorg, Java, with a 
branch station at Makassar, Celebes. 

Agricultural technology, botany, phyto- 
pathology, soils. 

BOSBOUWPROEFSTATION [GOVERNMENT FOR- 
EST RESEARCH INSTITUTE}, Buitenzorg, Java. 

CENTRAAL BUREAU VOOR TECHNISCHE ONDER- 
ZOEKINGEN [CENTRAL TECHNOLOGICAL 
LABORATORIES], Karanganjar 55, Batavia, 
Java. 

CENTRALE VERENIGING TOT BEHEER VAN 
PROEFSTATIONS VAN DE OVERJARIGE CUL- 
TURES IN NEDERLANDSCH-INDIE [ASSOCIA- 
TION OF COMBINED EXPERIMENT STATIONS 
FOR PERENNIAL CROPS IN THE NETHER- 
LANDS INDIES}, Central Office, Batavia, Java, 
with experiment stations at Buitenzorg, 
Djember, Klaten, and Malang, Java, and at 
Medan, Sumatra. 

Agriculture and agronomy, especially of 
tobacco. 

DIENST VAN DEN MIJNBOUW [DEPARTMENT 
OF MINES], Molenoliet Oost, Batavia, Java. 

Head Office, and section for economic 
geology. 

DIENST VAN DEN MIJNBOUW [DEPARTMENT 
OF MINES}, Wilhelmina Boulevard 7, Ban- 
doeng, Java. 

Chemistry, engineering geology, geological 
exploration, geological museum, paleonto- 
logy, and volcanology. 

EIJKMAN INSTITUTE [Central Laboratory of 
the Public Health Service of the Netherlands 
Indies}, Oranje Boulevard 69, Batavia, Java. 

Medicine, nutrition, public health. 

GEWESTELIJK LABORATORIUM VAN DEN DIENST 
DER VOLKSGEZONDHEID [REGIONAL LABORA- 
TORY OF THE PUBLIC HEALTH SERVICE], 
Makassar, Celebes. 

INSTITUUT VOOR LEPRA ONDERZOEK [LEPROSY 
RESEARCH INSTITUTE}, Bandoeng, Java. 

INSTITUUT PASTEUR, Pasteursweg, Bandoeng, 
Java. 

INSTITUUT VOOR DE ZEEVISSERIJ [FISHERIES 
RESEARCH INSTITUTE], Pasar Ikan, Batavia, 
Java. 


KON. BATAVIAASCH GENOOTSCHAP VAN KUN- 
STEN EN WETENSCHAPPEN [ROYAL BATAV- 
IAN SOCIETY OF ARTS AND SCIENCES}, Kon- 
ingsplein West 12, Batavia, Java. 

KON. MAGNETISCH EN METEOROLOGISCH OB- 
SERVATORIUM [ROYAL METEOROLOGICAL 
OBSERVATORY}, Engelsche Kirkweg 3, Bata- 
via, Java. 

KON. NATUURKUNDIGE VERENIGING IN NEDER- 
LANDSCH-INDIE [ROYAL SCIENCE SOCIETY], 
Koningsplein Zuid 11, Batavia, Java. 

LABORATORIUM VOOR DE BINNENVISSERIJ 
{LABORATORY FOR INLAND FISHERIES}, Bui- 
tenzorg, Java. 

LABORATORIUM VOOR SCHEIKUNDIG ONDER- 
ZOEK [LABORATORY FOR CHEMICAL RE- 
SEARCH], Buitenzorg, Java. 

LABORATORIUM VOOR TECHNISCHE HYGIENE 
{LABORATORY FOR TECHNICAL HYGIENE}, 
Schoolweg, Bandoeng, Java. 

S$ LANDS PLANTENTUIN [GOVERNMENT BO- 
TANICAL GARDENS], Batavia, Java. 

Laboratorium voor het Onderzoek der Zee 
{Laboratory for Marine Biology}. 

S$ LANDS PLANTENTUIN [GOVERNMENT BO- 

TANICAL GARDENS}, Buitenzorg, Java. 
Herbarium en Museum voor systematische 
Botanie {Herbarium and Museum for sys- 
tematic botany}, Treub Laboratorium 
{Visitors’ Laboratory}, Zodlogisch Museum 
{Zoological Museum}. 

S$ LANDS PLANTENTUIN [GOVERNMENT BO- 
TANICAL GARDENS], Tjibodas, Java. 

Bergtuin Tijibodas {Tjibodas Mountain 
Garden}. 

MILITAIR HYGIENISCH INSTITUUT [MILITARY 
HYGIENE INSTITUTE], Hospitalsweg 24, Ba- 
tavia, Java. 

NEDERLANDS INDISCH INSTITUUT VOOR RUB- 
BERONDERZOEK [NETHERLANDS INDIES IN- 
STITUTE FOR RUBBER RESEARCH], Buiten- 
zorg, Java. 

NEDERLANDS INDISCH STERRENKUNDIGE VERE- 
NIGING [NETHERLANDS INDIES ASTRONO- 
MICAL SOCIETY] Oude Hospital weg 14, 
Bandoeng, and Bosscha Sterrenwacht, Lem- 
bang, Java. 

PROEFSTATION VAN DE JAVA-SUIKERINDUSTRIE 
{EXPERIMENTAL STATION FOR THE JAVA 
SUGAR INDUSTRY], Passoeroean, Java. 

TOPOGRAFISCHE DIENST [TOPOGRAPHICAL SUR- 
VEY}, Goenoeng Sahari 89, Batavia, Java. 

UNIVERSITEIT VAN INDONESIE [UNIVERSITY OF 
INDONESIA], Bandoeng, Java. 

Technical sciences and mathematics. 
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UNIVERSITEIT VAN INDONESIE [UNIVERSITY OF 
INDONESIA], Batavia, Java. 
Medicine. 
UNIVERSITEIT VAN INDONESIE [UNIVERSITY OF 
INDONESIA], Buitenzorg, Java. 
Agricultural sciences, veterinary sciences. 
VEEARTSENIJKUNDIG INSTITUUT [VETERINARY 
RESEARCH INSTITUTE}, Buitenzorg, Java. 
WATERLOOPKUNDIG LABORATORIUM [HYDRO- 
DYNAMICS LABORATORY], Hogeschoolweg, 
Bandoeng, Java. 
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This information was received from Organisatie 
Natuurwetenschappelijk Onderzoek i. 0. (Or- 
ganization for Scientific Research in the Nether- 
lands Indies, prep. comm.), Koningsplein Zuid 
11, Batavia, Java; from the book, Science and 
Scientists in the Netherlands Indies, edited by 
Pieter Honig and Frans Verdoorn, and pub- 
lished in 1945 in New York City by the Board 
for the Netherlands Indies, Surinam, and 
Curacao; and from the American Consulate 
General, Batavia, Java. March, 1948. 


NEW CALEDONIA 


INSTITUT FRANCAIS D'OCEANIE, Noumea, New 
Caledonia. 
Agricultural entomology, ethnology, geol- 
ogy, marine biology, phytopathology, phys- 
ical oceanography, and others to be added. 
{“The purpose of the Institute is . . . research 
of a scientific nature in the French regions of the 
Pacific, and a thorough collaboration in all 
research with foreign scientists to corroborate 


observations of general interest. The first pro- 
gram was formed at the suggestion of the 
South Pacific Commission.”—From a letter 
from the Director of the Institute.]} 


This information was received from the Di- 
rector of the Institute, through the American 
Consulate at Noumea, New Caledonia. February, 
1948. 


NEW ZEALAND 


AGRICULTURE DEPARTMENT, Head Office, Do- 
minion Farmers’ Institute Building, Welling- 
ton, C. 1. (Communications should be ad- 
dressed to the Director-General of Agricul- 
ture. ) 

RUAKURA ANIMAL RESEARCH STATION, 
Ruakura, South Auckland Province. 
RUKUHIA SOIL FERTILITY RESEARCH 
STATION, Rukuhia, South Auckland 


Province. 
SEED TESTING STATION, Palmerston 
North. 
WALLACEVILLE ANIMAL RESEARCH 


STATION, Wallaceville, Wellington. 
AUCKLAND MUSEUM, Auckland. 
{Facilities for visiting scientists are not 
available at present.} 
CANTERBURY MUSEUM, Christchurch. 
Biology, ethnology. 
CARTER OBSERVATORY, Wellington. 
CAWTHRON INSTITUTE, Nelson. 
Entomology, plant problems, soil. 
DOMINION MUSEUM, Wellington. 
Natural sciences. 
HAWKES BAY MUSEUM, Napier. 
Maori ethnology; Russell Duncan Library 
of exploration in New Zealand, Pacific, 
and Antarctic. 





LEATHER AND SHOE RESEARCH ASSOCIATION, 
111 Sydney Street, Wellington. 

MARINE DEPARTMENT, Head Office, T. & G. 
Building, Lambton Quay, Wellington. 

MARINE DEPARTMENT, Fishery Research Lab- 
oratory, Clark’s Building, Wingfield Street, 
Wellington, N. 1. 

NEW ZEALAND FERTILISER MANUFACTURERS’ 
RESEARCH ASSOCIATION, (INC.), P. O. Box 
2080, Auckland. 

NEW ZEALAND POTTERY AND CERAMICS RE- 
SEARCH ASSOCIATION, (INC.), 111 Sydney 
Street, Wellington. 

NEW ZEALAND WOOLEN MILLS RESEARCH 
ASSOCIATION, (INC.), c/o Prof. E. G. Soper, 
Chemistry Department, University of Otago, 
Dunedin. 

OTAGO MUSEUM, Dunedin. 

Ethnology of New Zealand and of Pacific 
Islands, especially of New Hebrides. 
SCIENTIFIC AND INDUSTRIAL RESEARCH DE- 

PARTMENT [Dominion Government]: 
AGRONOMY DIVISION, Private Bag, 
Christchurch. 
APIA OBSERVATORY, Apia, Western 
Samoa. 
Research on terrestrial magnetism, 
tidal observations, and seismology. 
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ATOMIC PHYSICS SECTION, 37 Majori- 
banks Street, Wellington. 

AUCKLAND INDUSTRIAL DEVELOPMENT 
LABORATORIES, P. O. Box 2225, 
Auckland. 

BIOMETRICS SECTION, 37 Majoribanks 
Street, Wellington. 

BOTANY DIVISION, 8 The Terrace, Wel- 
lington. 

DEFENSE DEVELOPMENT SECTION, P. O. 
Box 1152, Christchurch. 

DOMINION LABORATORIES: 

Durham Street West, Auckland. 
P. O. Box 1290, Christchurch. 
P. O. Box 562, Dunedin. 

111 Sydney Street, Wellington. 

DOMINION OBSERVATORY, Kelburn, 
Wellington. 

DOMINION PHYSICAL LABORATORY, 
Gracefield Road, Lower Hutt. 

ECONOMIC SURVEYS, 117 Sydney Street, 
Wellington. 

ENTOMOLOGY DIVISION, Cawthron In- 
stitute, Nelson. 

FATS RESEARCH LABORATORY, Sydney 
Street, Wellington. 

FLAX RESEARCH STATION, Foxton. 

GEOLOGICAL SURVEY, Head Office, 156 
The Terrace, Wellington. 

GEOLOGICAL SURVEY, Volcanological 
Laboratory, Rotorua. 

GRASSLANDS DIVISION, P. O. Box 16, Pal- 
merston North. 

HEAD OFFICE, 117 Sydney Street, Wel- 
lington. (Address the Secretary.) 
INDUSTRIAL PSYCHOLOGY DIVISION, 

Bowen Street, Wellington. 

INFORMATION BUREAU, 117 Sydney 
Street, Wellington. 

IONOSPHERE SECTION, Christchurch. 

MAGNETIC OBSERVATORY, Hagley Park, 
Christchurch. 

PLANT CHEMISTRY LABORATORY, P. O. 
Box 16, Palmerston North. 

PLANT DISEASES DIVISION, Private Bag, 
Auckland. 
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SOIL BUREAU, 54 Molesworth Street, 
Wellington. 

WILD LIFE SECTION, 117 Sydney Street, 
Wellington. 


STATE FOREST SERVICE, 23 Fitzherbert Terrace, 
Wellington, N. 1. (Address the Director.) 
UNIVERSITY OF NEW ZEALAND, Bowen Street, 

Wellington. (Address the Registrar.) [The 
“governing body” of the Universities and Col- 
leges of the Dominion.] 

AUCKLAND UNIVERSITY COLLEGE, Auck- 
land. (Address the Registrar. ) 

Architecture, botany, chemistry, ge- 
ology, marine biology, physics. 

CANTERBURY AGRICULTURAL CCLLEGE, 
Lincoln, Canterbury. (Address the 
Registrar. ) 

General. 

CANTERBURY UNIVERSITY COLLEGE, 

Christchurch. (Address the Rector.) 
General; mountain botanical sta- 
tion. 

MASSEY AGRICULTURAL COLLEGE, Pal- 
merston North. (Address the Prin- 
cipal. ) 

Agricultural research, dairy re- 
search, veterinary sciences. 

UNIVERSITY OF OTAGO, Dunedin. (Ad- 
dress the Registrar.) 

Bacteriology and public health, 
dentistry, home science, medicine, 
mines and metallurgy. 

VICTORIA UNIVERSITY COLLEGE, Wel- 
lington. (Address the Registrar.) 

General. 


This information was received from the Infor- 
mation Bureau of the Department of Scientific 
and Industrial Research of the Dominion Gov- 
ernment of New Zealand, through the Legation 
of New Zealand, Washington, D. C., and the 
American Legation, Wellington, N. Z.; from 
the Art Galleries and Museums Association of 
New Zealand, Wellington; from the Registrars, 
Principals, and Rectors of the several univer- 
sities and colleges making up the University of 
New Zealand; and’ from UNESCO, Paris. 
March—May 1, 1948. 


NICARAGUA 


COLLEGIO CENTRO AMERICA, Granada. 
INSTITUTO PEDAGOGICO DE VARONES, Managua, 
D.N. 


This information was received from the Amer- 
ican Embassy, Managua, D. N., Nicaragua. 
March, 1948. 
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PANAMA 


GORGAS MEMORIAL LABORATORY, Apartado 
1252, Panama. (Address the Director.) 
Medical entomology. 


INSTITUTO NACIONAL DE AGRICULTURA, Di- 
visa. (Address the Director. ) 
Agricultural research. 


MUSEO NACIONAL DE PANAMA, Apartado 662, 
Panama. (Address the Director. ) 
Archaeology, entomology. 


This information was received from the Amer- 
ican Embassy, Panama, Republic of Panama. 
January, 1948. 


PERU 


ESCUELA SUPERIOR DE CIENCIAS PEDAGOGICAS, 
Avenida Grau 429, Lima. 

ESTACION EXPERIMENTAL AGRICOLA DEL 
NORTE, Lambayeque. 

ESTACION EXPERIMENTAL AGRICOLA DE LA 


MOLINA (INSTITUTO DE ALTOS ESTUDIOS), 
Lima. 


FACULTAD DE CIENCIAS MEDICAS, Lima. 

INSTITUTO DE GENETICA DEL ALGODON DE LA 
SOCIEDAD NACIONAL AGRARIA, Apartado 
350, Lima. 


This information was received from the Peru- 
vian Embassy, Washington, D. C., and from 
UNESCO, Paris. January-April, 1948. 


THE PHILIPPINES 


BUREAU OF ANIMAL INDUSTRY, Manila. 

BUREAU OF FISHERIES, Manila. 

BUREAU OF FORESTRY, Manila. 

BUREAU OF HEALTH, Manila. 

BUREAU OF HOSPITALS, Manila. 

BUREAU OF MINES, Manila. 

BUREAU OF PLANT INDUSTRY, Manila. 

INSTITUTE OF SCIENCE (formerly Bureau of 
Science), Manila. 


NATIONAL MUSEUM, Manila. 

PHILIPPINE GENERAL HOSPITAL, Manila. 
UNIVERSITY OF THE PHILIPPINES, Manila. 
WEATHER BUREAU, Manila. 


This information was received from the Insti- 
tute of Science, Manila, through the Philippine 
Consulate-General, Honolulu, T. H. February, 
1948. 


EL SALVADOR 


CENTRO NACIONAL DE AGRONOMIA, Santa 
Tecla, Depto. La Libertad. 
Agricultural research. 
DIRECCION GENERAL DE SANIDAD, Calle Arce 
No. 87, San Salvador. 
Public health and tropical diseases. 
UNIVERSIDAD AUTONOMA DE EL SALVADOR, 
Ave. Cuscatlan y 2a. Calle Poniente, San 
Salvador. 


Architecture and engineering, chemistry, 
dentistry, medicine, pharmacy. 


This information was received from the Em- 
bassy of El Salvador, Washington, D. C,, and 
from the American Embassy, San Salvador, 
El Salvador. January, 1948. 


SIAM 


THE CHULALONGKON UNIVERSITY, Bangkok. 
General. 
DEPARTMENT OF AGRICULTURE EXPERIMENT 
STATION, Bangkok. 
Agricultural research. 
LEPROSY CONTROL DEPARTMENT AND LEPER 
HOSPITAL, Department of Public Health, 
Bangkok. 


PASTEUR INSTITUTE, Saladaeng, Bangkok. 
Bacteriology, serology. 


This information was received from the Royal 
Siamese Embassy, Washington, D. C., and from 
the American Embassy, Bangkok, Siam. Feb- 
ruary, 1948. 
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SIBERIA (U.S.S.R.) 


No information available. 


UNITED STATES 


{It would be impossible, of course, to name 
every institution in the United States which 
has some concern with science in the Pacific. 
In this list only the major institutions in the 
Pacific states of the United States and in the 
territories of Alaska and Hawaii have been 
noted. Information concerning the institutions 
in Hawaii was taken principally from Pacific 
Science 1: 119-126, 1947, and for Alaska and 
the Pacific states from the catalogues of the 
several institutions included in the list.} 


ALASKA 


UNIVERSITY OF ALASKA, Fairbanks. 
General, especially archaeology, geophysics. 


CALIFORNIA 


CALIFORNIA ACADEMY OF SCIENCE, San Fran- 
cisco. 
General. 


CALIFORNIA 
Pasadena. 
General; Arms Laboratory of Geological 
Sciences, Bridge Laboratory of Physics, 
Chemical Engineering Laboratory, Experi- 
ment Station, Gates and Crellin Laboratory 
of Chemistry, High-Potential Research 
Laboratory, Hydrodynamics Laboratory, 
Kellogg Laboratory of Radiation, Kerckhoff 
Laboratories of the Biological Sciences, 
Kerckhoff Marine Biological Laboratory 
(at Corona del Mar), Mudd Laboratory 
of the Geological Sciences, Robinson 
Laboratory of Astrophysics, Seismological 
Research Laboratory, and others. 


INSTITUTE OF TECHNOLOGY, 


COLLEGE OF THE PACIFIC, Stockton. 
General; Pacific Marine Station of Biologi- 
cal Sciences at Dillon Beach. 


POMONA COLLEGE, Claremont. 


General; Marine Laboratory at Laguna 
Beach. 


STANFORD UNIVERSITY, Palo Alto. 

General; Hopkins Marine Station at Paci- 
fic Grove; Natural History Museum. 
STATE OF CALIFORNIA, DIVISION OF FISH AND 

GAME, FISHERIES LABORATORY, Terminal 
Island, San Pedro. 
UNIVERSITY OF SOUTHERN CALIFORNIA, 3551 
University Avenue, Los Angeles 7. 
General; Allan Hancock Foundation for 
Biological Sciences. 
UNIVERSITY OF CALIFORNIA. 
{“The University of California is composed of 
academic colleges, professional schools, divi- 
sions, departments of instruction, museums, 
libraries, research institutes, bureaus, and foun- 
dations, and the University of California Press, 
situated on eight different campuses throughout 
the State, namely: Berkeley, Los Angeles, San 
Francisco, Davis, Riverside, Mount Hamilton, 
La Jolla, and Santa Barbara.”—Catalogue, Uni- 
versity of California, 1948.] 
I. AT BERKELEY. 
General; Anthropological Museum, Cali- 
fornia Museum of Vertebrate Zoology, 
Crocker Radiation Laboratory, Institute 
of Experimental Biology, Museum of 
Paleontology. 
II. AT LOS ANGELES. 
General; Medical Department. 
Ill. AT SAN FRANCISCO. 
Dentistry, medicine, nursing, public health; 
Hooper Foundation for Medical Research. 
IV. AT DAVIS. 
Agricultural research, veterinary sciences. 
V. AT RIVERSIDE. 


Agricultural research; Citrus Experiment 
Station. 


VI. AT MOUNT HAMILTON. 
Lick Observatory. 
AT LA JOLLA. 
Scripps Institution of Oceanography. 
U. S. FISH AND WILDLIFE SERVICE, Stanford 
University, Palo Alto. 
South Pacific Investigations in Ichthyology. 


VIL. 








HAWAII. 


BERNICE P. BISHOP MUSEUM, Honolulu 35. 
Collection, preservation, and study of Ha- 
waiian and Pacific material in ethnology 
and the natural sciences; departments and 
collections of botany, entomology, mala- 
cology (both terrestrial and marine), 
marine zoology; large collections in ich- 
thyology, ornithology, and geology. Library, 
chiefly on Pacific ethnology and natural 
history. 

CALIFORNIA PACKING CORPORATION, P. O. 

Box 149, Honolulu 10. 
Canning operations. 

HAWAII MARINE LABORATORY, Coconut Island, 
Oahu. [Communications should be addressed 
to the Department of Zoology and Ento- 
mology, University of Hawaii, Honolulu 10.} 

Marine biology, oceanography. 

HAWAII NATIONAL PARK, U. S. Department of 
the Interior, National Park Service, Hawaii 
National Park, Hawaii. 

Natural history. 

HAWAIIAN PINEAPPLE COMPANY, LIMITED, 
Honolulu 1. 

Research in growing and processing of 
pineapples and other subtropical crops. 
HAWAIIAN SUGAR PLANTERS’ ASSOCIATION EX- 
PERIMENT STATION, 1527 Keeaumoku Street, 

Honolulu 4. 
Agriculture, botany and forestry, chemistry, 
climatology, entomology, genetics, geology, 
pathology, physiology and biochemistry, 
sugar technology. 

HAWAIIAN TUNA PACKERS, LIMITED, P. O. 
Box 238, Honolulu. 

Research in oceanic fisheries methods. 

HAWAIIAN VOLCANO OBSERVATORY (a branch 
of the U. S. Geological Survey collaborating 
with the Hawaiian Volcano Research Associa- 
tion and the University of Hawaii), Hawaii 
National Park, Hawaii. 

Measurements and observations on active 
volcanoes; research in the chemistry and 
physics of volcanoes. 

HAWAIIAN VOLCANO RESEARCH ASSOCIATION, 
c/o University of Hawaii, Honolulu 10. 

Research in physical processes of Hawaiian 
volcanoes. (The Directors will receive ap- 
plications at any time from research in- 
vestigators holding doctorate degrees who 
desire to pursue specialized studies in 
Hawaii in seismology, volcanology, and 
volcanological oceanography. Persons of 
advanced grade holding fellowships from 
other institutions may be assisted in travel 
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expenses and may be provided with appa- 
ratus or use of facilities. Inquiries should 
be addressed to Dr. T. A. Jaggar, Scientific 
Director, at University of Hawaii, Ho- 
nolulu 10, Hawaii.) 

HONOLULU BOARD OF WATER SUPPLY, P. O, 
Box 3410, Honolulu 1. 

Bacteriology, chemistry, geology. 

LIBBY, MCNEILL AND LIBBY, P. O. Box 1140, 
Honolulu 7. 

Pineapple production and processing. 

PACIFIC CHEMICAL AND FERTILIZER COMPANY, 
P. O. Box 48, Honolulu 10. 

Agricultural chemistry. 

PINEAPPLE RESEARCH INSTITUTE OF HAWAII, 
P. O. Box 3166, Honolulu 2. 

Agricultural engineering, chemistry, ento- 
mology, genetics, meteorology, plant path- 
ology, plant physiology, as related to pro- 
duction of pineapple plants and fruit. 

TERRITORIAL BOARD OF AGRICULTURE AND 
FORESTRY, P. O. Box 3319, Honolulu 1. 

Animal industry, entomology, fish and 
game, forestry. 

TERRITORIAL BOARD OF HEALTH, Honolulu. 
Public health laboratories on major islands 
of Hawaiian group. 

U. S. BUREAU OF ENTOMOLOGY AND PLANT 
QUARANTINE, University of Hawaii Campus, 
P. O. Box 340, Honolulu 9. 

Fruitfly investigations. 

U. S. COAST AND GEODETIC SURVEY, Pacific 
District Headquarters, 244 Federal Office 
Building, Honolulu. 

U. S. GEOLOGICAL SURVEY, Division of Surface 
Waters, 225 Federal Office Building, Ho- 
nolulu. 

U. S. GEOLOGICAL SURVEY, Ground Water Divi- 
sion, 333 Federal Office Building, Honolulu. 

U. S. GEOLOGICAL SURVEY, Hawaiian Volcano 
Observatory. See HAWAIIAN VOLCANO OB- 
SERVATORY. 

U. S. WEATHER BUREAU, Federal Office Build- 
ing, Honolulu. 

UNIVERSITY OF HAWAII, P. O. Box 18, Ho- 
nolulu 10. 

General; Library; Marine Biological Labo- 
ratory; cooperative associations with U. S. 
Bureau of Entomology and Plant Quar- 
antine, the Pineapple Research Institute, 
the Hawaiian Sugar Planters’ Association 
Experiment Station, the University of Ha- 
watt Agricultural Experiment Station, the 
B. P. Bishop Museum, and many other 
private and governmental agencies in Ha- 
wait. 
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UNIVERSITY OF HAWAII AGRICULTURAL EX- 
PERIMENT STATION, P. O. Box 18, Honolulu 
10. 

Agricultural chemistry, agricultural engi- 
neering, agronomy, animal husbandry, 
entomology, horticulture, nutrition, para- 
sitology, plant pathology, plant physiology, 
poultry husbandry, vegetable crops. 


OREGON 


OREGON STATE COLLEGE, Corvallis. 
General. 

UNIVERSITY OF OREGON, Eugene. 
General; Condon Museum of Geology, 
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Juvenile Euthynnus lineatus and Auxis thazard from the Pacific Ocean off 
Central America 


MILNER B. SCHAEFER AND JOHN C. MARR? 


IN A PREVIOUS PAPER (Schaefer and Marr, in 
press), juvenile stages of two commercially 
important tunas, Neothunnus macropterus 
(Temminck and Schlegel) and Katsuwonus 
pelamis (Linnaeus) were described. They 
were taken, with dip nets at night, under 
flood lights, in the oceanic waters of the 
Pacific off Costa Rica and northern Panama. 
At some of the same stations where these 
were taken, and at others, juveniles of two 
other species of scombroid fishes which have 
been identified as Euthynnus lineatus Kis- 
hinouye, the black skipjack, and Awxis thaz- 
ard (Lacépéde), the frigate mackerel, were 
captured by the same means. Neither of these 
is utilized by the American commercial fish- 
ery in the Pacific. The black skipjack of the 
Asiatic side of the Pacific, E. yaito Kishinouye, 
however, is of considerable commercial im- 
portance to the Japanese fishery and it may be 
expected that E. lineatus will eventually be 
similarly exploited. Commercial catches of 
frigate mackerel in the middle Atlantic states 
averaged slightly over 100 tons in 1942-44 
(Fiedler, 1945; Anderson and Power, 1946, 
1947). 


Euthynnus lineatus Kishinouye 1920 


Adults of this species are occasionally cap- 
tured in Central American waters incidentally 
to the tuna fishery. Four specimens were 
examined by us in the early spring of 1947. 
Two of these were captured in a bait-net in 
the Gulf of Nicoya, Costa Rica, on February 
22: these fish, one male and one female, had 

South Pacific Investigations, U. S. Fish and Wild- 
life Service. Published by permission of the Director 
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gonads in a very advanced stage of maturity. 
A female with running-ripe eggs was taken on 
a trolled feather jig off Quepos Point, Costa 
Rica, on April 4. A ripe male was taken in a 
purse seine haul off Cape Blanco, Costa Rica, 
on April 29. It is thus apparent that this species 
spawns in Central American waters during the 
early spring. The capture of juveniles further 
confirms this. 

Juveniles were taken at the following sta- 
tions on the dates indicated: 08° 20’ N., 84° 
10’ W., March 18, 1947; 8 specimens, 48 to 
86 mm. total length. 09° 20’ N., 85° 20’ W,, 
March 19, 1947; 10 specimens, 29 to 56 mm. 
total length. 09° 10’ N., 85° 20’ W., March 
20, 1947; 1 specimen, 61 mm. total length. 
(All total lengths in this paper are from tip 
of snout to tip of shortest median caudal ray.) 

In Figures 1 and 2 representative specimens 
of these juveniles are depicted. They are rela- 
tively less deep bodied than the juveniles of 
Neothunnus of the same sizes, being similar in 
this regard to Katsuwonus, from which, how- 
ever, they may easily be distinguished by the 
pigmentation of the first dorsal fin. The entire 
first dorsal is heavily pigmented in Euthynnus 
of all sizes collected, while in Katsuwonus, up 
to 44 mm. at least, there is only a light pig- 
mentation of the anterior margin and of the 
distal edge of the fin. 

The second dorsal fin remains completely 
unpigmented in fish up to about 45 mm. total 
length, at which size the fin begins to show 
some pigment at the bases of the rays. In our 
largest specimen, 86 mm. total length, the 
second dorsal is fairly dark about half way to 
the tips of the rays, the distal half remaining 
unpigmented. The pigmentation of the head 
and body is similar to that of Katswwonus at 
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FiG. 1. Photograph of juvenile Euthynnus lineatus Kishinouye. 


the smaller sizes, but the snout and anterior part 
of the head is rather more extensively pig- 
mented in the smaller Euthynnus of these col- 
lections than in either Katsuwonus or Neo- 
thunnus of similar sizes. On the smaller of our 
specimens of Euthynnus the lateral pigmentation 
does not extend far below the mid-line, but 
there is a conspicuous series of black spots 
along the bases of the anal fin and following 
finlets. As the fish increase in size the pigmen- 
tation extends further down the sides, par- 
ticularly posteriorly, until at about 45 mm. the 
pigmentation at the level of the anal fin ex- 
tends the entire depth of the fish, although 
shading off ventrally. By the time the fish has 
reached 55 mm. the entire head is rather dark, 
the body is almost black dorsally, shading off 


gradually to a white belly. In some specimens 
of about 45 mm. to 60 mm. the pigment on the 
upper sides is concentrated to form 8 or 9 
extremely faint vertical bars. In the 86 mm. 
specimen these are not visible. The peritoneum 
bears numerous large dark spots dorsally which 
are visible through the body wall in small 
specimens. The caudal fin begins to exhibit 
some pigmentation in fishes of about 50 mm. 
total length. 

In addition to the examination of specimens 
preserved in alcohol, two specimens of 54 mm. 
and 56 mm. were prepared for study of bony 
parts by staining with alizarin and clearing, 
after the method of Hollister (1934). The 
pectoral fin in the two stained specimens has 
29 rays and 27 rays, respectively. These rays 
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Fic. 2. Juvenile Euthynnus lineatus; photographed against a white background to illustrate pigmentation of 


dorsal fin. 


cannot be counted accurately in unstained in- 
dividuals because of the small size of the most 
inferior rays. The dorsal fin has 15 spines in 
six specimens examined and 14 in a seventh, 
the first or second anterior spines, which are 
of nearly equal length, being the longest and 
the remaining spines decreasing in length rapid- 
ly and successively. The first dorsal reaches 
almost to the insertion of the second. The sec- 
ond dorsal fin rays, counted in 5 specimens, are 
12 in number, and there are in each case 8 dorsal 
finlets. The anal fin has 11 or 12 rays, and there 
are 7 anal finlets. The rays of the second dorsal 





and anal are difficult to count except in stained 
material because of the shortness of the first one 
or two rays. The finlets are connected to each 
other and to the fin by a thin membrane which 
extends less and less far toward the tips of the 
finlets as the fish grow until in the largest speci- 
men of 86 mm. it is only a vestige between the 
bases of the finlets. 

The gill rakers of our smallest specimens are 
very tiny projections on the gill arches and 
are difficult to count accurately. On such a 
specimen, of 32 mm. total length, they were 
counted on the first gill arch as 7 + 20. As the 
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fish increase in size the gill rakers not only in- 
crease rapidly in length, but their number ap- 
parently increases. Counts of rakers on the first 
arch on specimens of various sizes are as fol- 
lows: 


48 mm. 8 + 25 
52 mm. 9+ 25 
61 mm. 10 + 26 
86 mm. 11+ 27 


The vertebrae, counting the urostyle, are 
19 + 18 in one stained specimen and 20 + 17 
in the other. They bear large inferior foramina 
on the last three or four precaudal vertebrae 
and on the first nine or ten caudal vertebrae. 
The haemal canal is very large, being broader 
than the body of the vertebrae beneath the 
precaudal and anterior caudal vertebrae. The 
lateral processes of the posterior caudal ver- 
tebrae are well developed in both specimens; 
there are no lateral processes on the anterior 
precaudal vertebrae. The first complete haemal 
arch was found to be on the 15th vertebra by 
dissection of the 56 mm. specimen. 

Specimens of all sizes in our collection have 
about 20 to 30 conical, inwardly curved teeth 
on each side of each jaw. The palatines each 
bear a row of eight to ten rather large conical 
teeth. The vomer bears four or five rather 
small teeth which may be easily overlooked. 

Our very smallest specimens, of about 30 
mm., have visible the remnants of three spines 
at the lower posterior angle of the preopercle. 
In larger specimens the growth of the bone 
has completely obliterated these. Smaller speci- 
mens than those in our collection may be pre- 
sumed, by analogy with Neothunnus, to have 
more prominent and perhaps more numerous 
preopercular spines. 

The intestine of these specimens, as is char- 
acteristic of the Katsuwonidae, is relatively 
straight and is not folded. It runs back along 
the right inferior portion of the stomach. The 
liver is in three lobes, the right lobe being very 
much longer than the other two. In seven 
specimens examined, the right lobe of the liver 
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extended posteriorly three-fourths or more of 
the length of the body cavity. 

That these specimens belong to either the 
genus Euthynnus or Katsuwonus is indicated 
by the morphology of the vertebral column. 
The well-developed inferior foramina on some 
precaudal as well as caudal vertebrae, forming 
with the very large haemal arches the so-called 
“trellis,” is characteristic of these genera (Starks, 
1910; Kishinouye, 1923). 

These specimens have several characters 
agreeing with Euthynnus but not Katsuwonus. 
The very great elongation of the right lobe of 
the liver is definitive. In Katsuwonus, both in 
adults described by Kishinouye (1923: 363, 
450, and 453, Fig. N) and by Godsil and 
Byers (1944: 11, 30), and in juveniles described 
by Schaefer and Marr (in press), the right 
lobe, although much larger than the other two, 
is not nearly as large as that of these specimens, 
which corresponds to Kishinouye’s description 
of the liver of Euthynnus. The first closed 
haemal arch of Katsuwonus occurs on the 12th 
vertebra according to both Kishinouye and 
Godsil and Byers, whereas Kishinouye states 
that Euthynnus has the first complete haemal 
arch further back, on the 16th vertebra. The 
low vertebral count of our specimens is also 
definitive, although this was a matter of some 
concern at first because it does not agree with 
the literature. Kishinouye (1923: 338, 452) 
found that Euthynnus has 39 vertebrae count- 
ing the urostyle, probably based on E. yaito 
alone. He described E. lineatus from a single 
specimen from Manzanillo, Mexico, but prob- 
ably did not dissect the fish to count the verte- 
brae. (Kishinouye: in the Swisan Gakkwai Ho, 
III, 113, 1920. We have been unable to 
examine this reference and our information is 
from Kishinouye, 1923.) He differentiates this 
species from E. yaito on the coloration and the 
relative size of the head. In his discussions he 
assumes all species of Euthynnus to have 39 
vertebrae. This matter was cleared up through 
the kind cooperation of C. R. Clothier of the 
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California State Fisheries Laboratory, who has 
examined the skeletons of four adults identified 
from Kishinouye’s description as E. lineatus. 
He has sent us the following data regarding 
these specimens, the first three of which were 
from tuna-clipper landings from unknown 
points somewhere south of the Mexican border, 
and the fourth of which was captured off Espi- 
ritu Santu Island in the Gulf of California: 


Specimen number.................. ; 2 3.4 
Vertebra bearing 1st haemal 

RS AF REND — 16 15 16 
Total vertebrae (including 

SE osdchentscenidehantininisnon 37 39 37 37 
Abdominal vertebrae............ — 21 19 20 
Caudal vertebrae.................... — 18 18 17 


Three of these four specimens have 37 
vertebrae, corresponding with our juveniles, 
and disagreeing with Kishinouye. Mr. Clothier 
has also advised us that, in addition, H. C. 
Godsil of the same laboratory, has examined 
two specimens from near Magdalena Bay each 
of which had 37 vertebrae. It appears that E. 
lineatus has 37 vertebrae as a rule. The verte- 
brae counts of our juveniles agree, then, with 
those of adult E. lineatus identified from other 
characters. All other characters examined 
agree well enough with Kishinouye’s descrip- 
tions, and it was therefore concluded that these 
were juveniles of E. lineatus. 

There are few references to juvenile Euthyn- 
nus in the literature. Kishinouye’s (1923: 388) 
smallest specimens, 13 cm. in length, from the 
Asiatic side of the Pacific, were larger than any 
of ours. He described them as follows: “They 
are very slender and have eight or more trans- 
verse bands on the side. These bands are nearly 
vertical and fade toward the ventral median line. 
When they grow to a total length of 19 cm. 
the body becomes very broad, the thoracic spots 
appear, the bands gradually disappear from the 
ventral part and the dorsal part of the bands 
becomes oblique.” 

Ehrenbaum (1924) found among the Medi- 
terranean collections of the Danish Oceano- 
graphical Expeditions six young tunas, 5.9 to 
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10.1 mm. in length, which he referred to 
Euthynnus alliteratus (Raf.). He differentiated 
these specimens from those of Auxis thazard 
only with great difficulty, on the basis of the 
first dorsal rays. The identification seems doubt- 
ful, but, since none of our specimens of Eyx- 
thynnus are as small as Ehrenbaum’s, we can- 
not verify it. 


Auxis thazard (Lacépéde) 1802 


As is the case with many of the scombroids, 
there is some doubt as to whether there is a 
single cosmopolitan species of Auxis or whether 
different species occur in different parts of the 
world. The solution of this problem is be- 
yond the scope of this paper and our juveniles 
are referred to Auxis thazard. No adult speci- 
mens were examined by us during this voyage, 
but the capture of juveniles indicates that this 
species spawns in Central American Pacific 
waters during the early spring. Juveniles were 
taken at the following stations on the dates 
indicated: 08° 20’ N., 84° 10’ W.; March 18, 
1947; 2 specimens, 67 and 68 mm. total length. 
09° 43’ N., 85° 54’ W.; March 19, 1947; 52 
specimens, 21 to 53 mm. total length. 08° 7’ 
30” N., 83° 8’ 30” W.; May 7, 1947; 3 speci- 
mens, 23 to 41 mm. total length. 09° 43’ N., 
85° 54’ W.; May 17, 1947; 1 specimen, 42 mm. 
total length. Through the courtesy of Dr. J. T. 
Nichols, we were also able to examine 5 speci- 
mens, 22 to 31 mm. in total length, taken 
under a light at night from the “Askoy” at 
04° 01’ N., 80° 26’ W. on March 24, 1941. 
Nichols and Murphy (1944: 241) suggest that 
these may be young Euthynnus, but they are 
undoubtedly Auxis. 

Representative specimens of juvenile A. 
thazard are shown in Figures 3 and 4. In the 
smaller specimens the prominent areas of pig- 
mentation are on the upper and lower jaws, 
above the snout, around the postero-ventral 
margin of the orbit, on the upper operculum, 
between the orbits, along the mid-line of the 
body, along the bases of the dorsal and anal fins 
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Fic. 3. Photograph of juvenile Auxis thazard (Lacépéde). 


including the finlets, and around the posterior 
end of the urostyle. Large chromatophores in 
the peritoneum show through the body wall 
along the upper half of the body cavity. None 
of the fins or finlets bears pigment spots, with 
the exception of the first dorsal. The first dor- 
sal bears a few scattered chromatophores, large- 
ly distributed along the spines. However, the 
first dorsal in general appearance is virtually 
colorless, as may be seen in Figure 4, especially 
as contrasted with Euthynnus or Neothunnus. 
With increasing size the local areas of pigmen- 
tation expand. In our largest specimens the 
head is well pigmented. The dorsal half of the 


body is uniformly dark. This dark area extends 
below the mid-line on the caudal peduncle. 
The chromatophores in the peritoneum are no 
longer visible through the thickened body wall, 
and the ventral surface is unpigmented. Even 
in our largest specimens none of the fins is 
heavily pigmented; the caudal is more pig- 
mented than the others. 

Juvenile Awxis are rounder in cross section 
than Euthynnus, being relatively less com- 
pressed laterally. The head length and length 
of the caudal region in Awxis are less in com- 
parison to the total length than is the case in 
Euthynnus. The maxillary in Auxis generally 








268 


PACIFIC SCIENCE, Vol. ‘II, October, 1948 





Fic. 4. Juvenile Awxis thazard photographed against a white background, illustrating lack of pigmentation of 


ns. 


extends to a point between the anterior margin 
of the iris and the vertical bisector of the iris, 
whereas in Euthynnus it generally extends to a 
point between the vertical bisector of the iris 
and the posterior margin of the iris. In the 
smaller specimens the lower jaw is shorter than 
the upper, but the jaws become equal at about 
50 mm. total length. The smallest specimens 
have three spines at the angle of the preopercle, 
but these are gradually grown over and dis- 
appear at about 35 to 40 mm. total length. 
There are indications, on alizarin-stained speci- 


mens, that seven more spines are present in 
smaller individuals. Similarly, a figure of a 17.5 
mm. specimen of A. thazard from the Medi- 
terranean (deBuen, 1932: Fig. 27) shows a 
total of nine preopercular spines. The lateral 
«eel along the caudal peduncle starts to develop 
at about 40 mm. total length. 

The large dorsal interspace characteristic of 
Auxis actually contains small spines or rays. 
These are usually subcutaneous. Even in our 
smallest specimens they are not visible unless 
the fish is cleared and stained or unless the 
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specimen is shrunken from the preservative so 
that the spines project above the dorsal profile. 
In adult Auxis from Culion, Philippine Islands, 
examined through courtesy of Dr. G. S. Myers 
of the Stanford University Natural History 
Museum, the interneural supports of the sup- 
pressed rays are well developed; the rays them- 
selves are vestigial, however, and can be found 
only by staining and dissection. Fin ray counts 
on our stained juvenile specimens are as fol- 
lows: 


mm. mm. mm. 
Total length of specimen...... 25 31 46 
SE Sai ciicdsinsninsbasennnen 11 11 11 
Dorsal interspace.................. 6 7 8 
Second dorsal........................ 12 11 11 
Daosesl Galets......................... 8 8 8 
[See 13 13 
pe 7 7 7 
a SRA 7 7 7 
ee Fe 4 23 25 


Other, unstained, specimens also have eight 
dorsal finlets and seven anal finlets. In the 
smaller specimens the finlets are joined by a 
membrane that extends completely or nearly 
to their distal ends. With increasing size this 
membrane becomes less prominent until in our 
longest specimens it is wanting or exists only 
between the bases of the finlets. 


In all our specimens, each side of the upper 
jaw bears about 20 small, conical teeth; each 
side of the lower jaw about 25 small, conical 
teeth; each palatine 6 or 7 teeth; and the 
vomer none. The vomer and palatines are ex- 
posed. Starks (1910: 97), with reference to 
Auxis thazard, and Kishinouye (1923: 460), 
with reference to the genus Awxis, state that 
there are no palatine teeth, and this is apparent- 
ly true in the adults. In the two adults from 
Culion, Philippine Islands, the vomer and pala- 
tines are toothless and are not exposed. These 
specimens are probably Awxis hira Kishinouye. 

The gill rakers on the most anterior gill arch 
of our smallest specimens are very tiny pro- 
jections and are difficult to count. They are first 
apparent near the angle of the arch. With an 
increase in the size of the fish, the rakers near 
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the angle of the arch increase in length and 
new rakers are added distally on each arm. 
The full complement of rakers is apparently 
attained at about 50 mm. total length, as 
judged by the following counts on specimens 
of various sizes: 


21 mm. 4+ 18 
24 mm. 5 + 21 
27 mm. 6 + 24 
32 mm. 9 + 26 
42 mm. 9 + 30 
46 mm. 10 + 31 
52 mm. 12 + 36 
54 mm. 11 + 35 
68 mm. li + 33 


Gill raker counts on the adult specimens re- 
ferred to above are 12 + 34 and 11 + 32. 
Kishinouye (1923: 462-3) gives 9 + 30 as the 
gill raker count for A. bira and 10 + 36 as the 
count for A. maru Kishinouye. Possible varia- 
tion in these counts is not mentioned. He does 
not list A. thazard, but A. maru is probably 
a synonym of A. thazard, as he tentatively sug- 
gests in his synonymy. 

The nasal rosette is visible only in cleared 
specimens. 

The vertebrae were counted as 20 + 19 (in- 
cluding the urostyle) in three cleared and 
stained specimens. This agrees with Kishinouye 
(1923: 452) and Frade and deBuen (1932: 
70), but disagrees with Starks (1910: 97), 
who counted 22 + 15 vertebrae. On a speci- 
men 46 mm. total length, small ventral fora- 
mina afe present on the 9th to 15th caudal 
vertebrae. On smaller specimens of 25 and 31 
mm. total length, these foramina are not dis- 
cernible, if present. In our specimens, the 
pedicles (of Starks = epihaemal process of 


Kishinouye) of the caudal vertebrae, bearing 
the closed haemal arches, are extremely short 
or non-existent. In a specimen of 25 mm. total 
length, the haemal arches of the caudal ver- 
tebrae are long, wide, and elliptical. In a speci- 
men of 46 mm. total length, the haemal arch 
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is still long, but less wide. In a specimen of 
72 mm. total length, the haemal arch is still 
long, but even less wide. In fact, the pedicle 
is divided and contains a large part of the 
haemal arch. In the two smaller specimens, 
the haemal arch is certainly closed on the 18th 
abdominal vertebra and is probably closed on 
the 17th vertebra; it is definitely open on the 
16th vertebra. In the 72 mm. specimen, the 
haemal arch is open on the 17th vertebra and 
closed on the 18th. Kishinouye (1923: 339) 
states that the first closed haemal arch of 
Auxis occurs on the ‘Ist caudal vertebrae 
(= 21st). In an adult specimen examined 
through the courtesy of Dr. G. S. Myers, the 
first closed haemal arch is on the first caudal 
vertebra. This specimen is from Wakanoura, 
Japan, and is referred to Auxis bira. We have 
been unable to examine any adult Auxis from 
the eastern Pacific in order to attempt to re- 
solve this apparent discrepancy. C. R. Clothier 
has informed us that one specimen from the 
vicinity of Sebastian Viscaino Bay and two 
from the vicinity of Espiritu Santu Island, all 
identified as A. thazard, have a total of 39 verte- 
brae with the first haemal arch on the 21st 
vertebra. It seems unlikely that haemal arches 
that are closed would, with growth, become 
open. Our specimens may, therefore, be juve- 
niles of an undescribed species. It is not 
unlikely that the sides of the pedicle fuse with 
an increase in size of the fish so that the haemal 
arch becomes greatly reduced in size. The possi- 
bility exists, however, that it may remain 
divided in this form. 

The liver is divided into three lobes. The 
right lobe is almost as long as the visceral 
cavity and bears a prominent hepatic vein on 
its outer surface; the other two lobes are small. 
The stomach is long and lies above the rest of 
the viscera. The caecal mass is considerably 
shorter than the stomach. The intestine is rela- 
tively short, straight, and not folded. It runs 
posteriorly along the right inferior side of the 
stomach. There is no air bladder. 
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The vertebral count, the great length of the 
right lobe of the liver, the presence of a caudal 
keel, and the absence of an air bladder indicate 
that these juvenile scombroids belong to the 
family Katsuwonidae. The large interspace 
between the dorsal fins and the low ray count 
of the first dorsal, as well as the absence of the 
elaborate “trellis” of the vertebrae, indicate 
that they are Auxis, rather than Euthynnus or 
Katsuwonus. In the larger specimens, gill raker 
and fin ray counts will also serve to separate 
Auxis from the other genera. Positive specific 
allocation must await examination of adult 
specimens from the area. 

A specimen of A. thazard, 17.5 mm. long, 
from the Mediterranean, was described and fig- 
ured by deBuen (1932: 36-38). This is some- 
what smaller than our smallest specimen and the 
differences between them, such as differences 
in numbers of preopercular spines, etc., are 
probably due to the differences in size. Sparta 
(1933: 16) mentions that specimens of Awuxis 
bisus Bonaparte (= A. thazard Lacépéde) about 
1 cm. in length have been collected under a 
light at night in the Straits of Messina. Ehren- 
baum (1924: 33-38) reported on 132 juvenile 
A. thazard from the Mediterranean collections 
of the Danish Oceanographical Expeditions. 
His largest specimen was 12 mm. in length, or 
about 9 mm. shorter than our smallest specimen. 
Again, differences between his descriptions and 
our specimens may probably be attributed to 
differences in size. These specimens were ap- 
parently taken in May, July, August, and Sep- 
tember. He states that Sanzo found ripe ovar- 
ies in June and July. Sella (1924) describes 
Mediterranean specimens of A. bisus Bonaparte 
(= A. thazard Lacépéde) ranging from 3 to 10 
mm. These are much smaller than our speci- 
mens. He states that juveniles up to 10 to 15 
mm. in length are found from the second half 
of June to September 20. He also mentions 
that before a length of 12 to 15 mm. is at- 
tained, about six rays are formed in the mem- 
brane connecting the first and second dorsal 
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fins and that these rays subsequently become 
contained in the median furrow so that they 
are no longer visible. This is in accord with 
our findings. The dates of our collections indi- 
cate the possibility of a somewhat earlier spawn- 
ing season for Auxis off the Pacific Coast of 
Central America. 


We have been unable to examine papers by 
Sanzo (1909, 1910) which apparently contain 
information on larval and juvenile Awuxis. 


REFERENCES 


ANDERSON, A. W., and E. A. Power. 1946. 
Fishery statistics of the United States : 1942. 
U. S. Fish and Wildlife Serv., Stat. Dig. 11: 
1-248. 


1947. Fishery statistics of the United 
States :1943. U.S. Fish and Wildlife Serv., 
Stat. Dig. 14: 1-241. 


DEBUEN, FERNANDO. 1932. Formas ontogéni- 
cas de peces (nota primera). Inst. Espafiol 


de Oceanogr., Notas y Restémenes. Ml, 57: 
1-38. 


EHRENBAUM, E. 1924. Scombriformes. Rept. 
Danish Oceanogr. Exp. 1908-1910. No. 8. 
2 {Biology} (A.11): 1-42. 


FIEDLER, R. H. 1945. Fishery statistics of the 
United States :1941. U.S. Fish and Wildlife 
Serv., Stat. Dig. 7: 1-174. 


FRADE, FERNANDO, and FERNANDO DEBUEN. 
1932. Poissons scombriformes (excepte la 
famille Scombridae). Clef de classifications 
princalement d’apres la morphologie interne. 
Comm. Int. pour Expl. Sci. de la Mer Médi- 
terranée, Rapp. et Proc. Verb., 7 (annexe A): 
69-70. 





271 


GopsiL, H. C., and R. D. Bygrs. 1944. A sys- 
tematic study of the Pacific tunas. Calif. Div. 
Fish and Game, Fish Bul. 60, 131 p., 76 fig. 


HOLLISTER, GLORIA. 1934. Cleaning and dye- 
ing fish for bone study. Zoologica 12 (10): 
89-101. 


KISHINOUYE, KAMAKICHI. 1923. Contribu- 
tions to the comparative study of the so-called 
scombroid fishes. Tokyo Imp. Univ., Col. Agr. 
Jour. 8 (3): 293-475, 22 pL 


NICHOLS, J. T., and R. C. MurpHy. 1944. A 
collection of fishes from the Panama Bight, 
Pacific Ocean. Amer. Mus. Nat. Hist., Bul. 
83: (art. 4): 217-260, 4 pl. 


SANZO, L. 1909. Uova e larve di Auxis bisus. 
Monitore Zool. Ital. 20: 79-80. 


1910. Uova e larve di Scomberoidi. 
Rev. mensile di pesca 1910: 201-205. 


SCHAEFER, M. B., and J. C. MARR. In press. 
Spawning of the yellowfin tuna (Neothun- 
nus macropterus) and skipjack (Katsuwonus 
pelamis) in the Pacific Ocean off Central 
America, with descriptions of juveniles. U. S. 
Fish and Wildlife Serv., Fish Bul. 51: in press. 


SELLA, M. 1924. Caratteri differenziali dei 
giovana stadi di Orcynus thynnus Ltkn., O. 
alalonga Risso, Auxis bisus Bp. R. Accad. 
Naz. dei Lincei, Cl. di Sci. Fis., Mat. e Nat., 
Rend. V, 33: 300-305. 


SPARTA, A. 1933. Osservazioni compiute nello 
Stretto di Messina sul comportemento dei 
pesci e cefalopodi all’azione di sorgenti lumi- 
nose. R. Comitat. Tallasogr. Ital., Mem. 206: 
1-22. 


STARKS, E. C. 1910. The osteology and mutual 
relationships of the fishes belonging to the 
family Scombridae. Jour. Morph. 21 (1): 
77-99, 3 pl. 











Plant Records from the Caroline Islands, Micronesia: 
Pacific Plant Studies 8' 


HAROLD ST. JOHN? 


AFTER THE CLOSE of active hostilities in the 
Pacific in 1945, the United States Navy made it 
possible for the University of Hawaii to send 
a scientific reconnaissance party into the Caro- 
line Islands, even though thousands of Japanese 
military prisoners and a few detachments of 
hostile “hold-out” bands were still there. Plant 
collections were made on Kusaie Island from 
December 24 to 26, 1945; and in the Palau 
Group, on Angaur Island, on January 2, 1946. 
Below are listed the species taken which have 
not previously been recorded from these islands 
or for which the vernacular names used by the 
natives have not been recorded. The specimens 
are deposited in the Bishop Museum, Honolulu. 


PLANTS FROM KUSAIE 


ANGIOPTERIDACEAE 


Angiopteris Beecheyana de Vriese 


A. evecta sensu Hook. and Grev. non Hoffm., 
fide Hosokawa, Nat. Hist. Soc. Formosa, 
Trans. 26: 44, 1936. 


Kusaie Island: divide S. of Lele Harbor, 
St. John 21,440, “taime.” 


OPHIOGLOSSACEAE 


Ophioglossum pendulum L. 


Kusaie Island: divide S. of Lele Harbor, 
St. John 21,443, “karkarweh.” 


* This is the eighth in a series of papers designed to 
present descriptions, revisions, and records of Pacific 
island plants. The preceding papers were published as 
Bernice P. Bishop Mus., Occas. Papers 17 (7), 1942; 
17 (13), 1943; 18 (5), 1945; Amer. Fern Jour. 35: 
87-89, 1945; Torrey Bot. Club, Bul. 73: 588, 1946; 
Pacific Sci. 1: 116, 1947; Pacific Sci. 2: 96-113, 1948. 

*Chairman, Department of Botany, University of 
Hawaii. Manuscript received September 1, 1947. 


CYATHEACEAE 


Cyathea nigricans Mett. 


C. affinis sensu Kanehira, non Schrader. 
Kusaie Island: divide S. of Lele Harbor, 


trunks 8 m. by 2 dm., St. John 21,441, “po.” 


SELAGINELLACEAE 


Selaginella Kanehirae Alston 
Kusaie Island: Yekala Waterfall, St. John 
21,437. 


PANDANACEAE 


Freycinetia ponapensis Mart. 
Kusaie Island: Innemu River, St. John 


21,449, “fuka.” 


HYDROCHARITACEAE 


Thalassia Hemprichii (Ehrenb.) Aschers. 
Kusaie Island: Lele Harbor, in salt water 
1-2 m. deep, and on outer reef, H. St. John 
and H. I. Fisher 21,453. First record for 
Kusaie, though abundant in the shallow 
water of the harbor. 


LILIACEAE 


Cordyline terminalis (L.) Kunth 
Taetsia fruticosa (L.) Mert. 
Kusaie Island: divide S. of Lele Harbor, in 
moist native forest, St. John 21,442, “ing- 
in-kal.” First record for Kusaie. 


DIOSCOREACEAE 


Dioscorea korrorensis R. Knuth 
Kusaie Island: Lele Island, cultivated, Sz. 
John 21,435, “ohkani.” First record from 
Kusaie. 
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RHAMNACEAE 


Colubrina asiatica (L.) Brogn. 
Kusaie Island: divide S. of Lele Harbor, 
St. John 21,439, “Ia.” 


VERBENACEAE 


Premna integrifolia L. 
Kusaie Island: Innemu River, St. John 21,452, 
“fienket.” 


PLANTS FROM PALAU 


CAPPARIDACEAE 


Capparis cordifolia Lam. 
Angaur Island: coral sea cliff, St. John 21,500, 
“j-il-lel-lameng-ngernger.” 
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VERBENACEAE 


Callicarpa cana L. 
Angaur Island: coral limestone sea cliff, St. 
John 21,502, “dup.” First record from 

Angaur Island. 


Clerodendrum inerme (L.) Gaertn. 
Angaur Island: coral limestone sea cliff, St. 
John 21,501, “kellel-lap-ni.” First record 
from Angaur Island. 


RUBIACEAE 


Hedyotis albido-punctata (Merr.) Fosberg 
Oldenlandia albido-punctata Mert. 
Angaur Island: coral limestone sea cliff, St. 
John 21,503, “ngesil.” First record from 
Angaur Island. 








A New Echiuroid Worm from the Hawaiian Islands and a Key to the 
Genera of Echiuridae’ 


WALTER K. FisHER? 


SINCE ECHIUROID WORMS and their eggs pro- 
vide excellent material for biological experi- 
mentation, it is regrettable that the principal 
Hawaiian species is without a name. This paper 
is intended to supply the deficiency. 

I collected the type series in 1902, during the 
Hawaiian cruise of the “Albatross,” in tide 
pools on the reef between Honolulu harbor and 
Waikiki. The material was sent to the late 
Professor H. B. Ward and only recently became 
available for study. A long sojourn in weak 
alcohol has caused deterioration of the speci- 
mens. 


Genus ANELASSORHYNCHUS Annandale 


Anelassorhynchus Annandale, 1922: 148. Type, 
Thalassema branchiorhynchus Annandale and 
Kemp. 

Diagnosis: Resembling Thalassema s.s. in 
having the longitudinal muscle layer of the body 
of uniform thickness, without specialized longi- 
tudinal bands, but differing in having prolonged, 
often coiled, lips to the ciliated funnel of the 
nephridium. 

The group contains about twelve species 
from warm, shallow waters with the exception 
of an undescribed species from off Monterey 
Bay, California, 1083 fathoms, bottom temper- 
ature 38.5° F. 


Anelassorhynchus porcellus new species 


Diagnosis: Nephridia four, all behind setae; 
a very long segment of intestine between end 


' Published with permission of the Secretary of the 
Smithsonian Institution. Manuscript received April 
13, 1948. 

* Professor Emeritus, Stanford University, Hopkins 
Marine Station, Pacific Grove, California. 


of foregut and beginning of siphon; anal vesicles 
very long with a special basal inflated portion 
attached to body wall by muscular frenula; no 
caecum; setae small, without interbasal muscle; 
proboscis fleshy, deciduous, the two margins 
meeting at base to form lower lip; skin rather 
thick in adult, with transverse verrucae, in con- 
tracted state; size 30 to 70 mm. in length, the 
diameter variable. 

Description: Body wall rather thick in large 
specimens, slightly translucent in smaller ones; 
skin usually closely wrinkled transversely, so 
that the small, closely placed glandular swell- 
ings have a transverse alignment. In middle of 
body, owing to stretching of skin, wrinkles 
may disappear and glands flatten out so as to 
be practically indistinguishable. (It is pretty 
much a matter of accident in preservation. ) 

Setae small (3 mm. long), with well-marked 
hook, placed rather close together, only a short 
distance from mouth. No interbasal muscle 
uniting inner ends of setae; basilaterals rather 
weak. 

Inner layer of muscles of body wall smooth; 
middle, longitudinal layer undifferentiated as in 
other species of the genus. 

All four nephridia behind setae, variable in 
size, sometimes greatly distended by sex prod- 
ucts. Lips of nephrostome prolonged and usual- 
ly spirally coiled. 

Deflated anal vesicles very long and character- 
istically swollen at base, which is attached to 
anterior side wall of cloacal cavity. Walls of 
this cavity thin and attached to body wall by 
many frenula which also involve the swollen 
basal portion of the vesicles (Fig. 1, c). In 
some specimens vesicles covered with tiny 
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brown spots, perhaps the nephric elements, 
although ciliated funnels cannot be recognized. 

Alimentary canal very long and filled with 
coarse “sand.” No caecum present. Foregut 
without obviously differentiated subdivisions 
recognizable from outward appearance. Seg- 
ment adjacent to ring blood-vessel (B?) some- 
times set off by a slight constriction. Very long 
segment of the intestine, between B* and be- 
ginning of siphon, apparently without ciliated 
groove. (This presiphonal segment is generally 
short.) In one specimen 50 mm. long, with 
empty and relaxed intestine, presiphonal seg- 
ment can be traced for 40 mm. before a break 
occurs. It is almost certainly longer. Foregut 
25 mm. in length. In another specimen a seg- 
ment about twice as long as foregut is without 
siphon, although siphon is recognizable over 
an extensive portion of the midgut. Entire 
intestine about ten times contracted body length; 
in specimens examined in a most wonderful 
snarl, complicated in all but one by sausage-like 
swellings filled with sand and shell fragments. 


Vascular system (Fig. 1, 4) of usual Thalas- 
sema type, with well-developed ring vessel and 
some slight variations in the details of the con- 
nection with the neurointestinal vessel (B*). 
(It may be remarked that the length of the 
neurointestinal varies from half the length 
shown in Figure 1, 4 to five times that length, 
depending entirely upon position of the end of 
the forgut, which has great freedom of move- 
ment.) In one specimen, killed while passage 
from stomach to intestine was distended by 
sand, ring vessel (B*) three times usual diameter 
in preserved specimens. 

Type: In the collection of the United States 
National Museum. 

Type locality: Honolulu; reef south of harbor, 
in tide pools, June 6, 1902. Collected by W. K. 
Fisher. 

Specimens examined: Honolulu reef, 15; 
Puako Bay, Hawaii, 2. I have also examined 
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several collected by R. W. Hiatt at Halape, 
Hawaii, where they were found in sand under 
rocks. 

Discussion: This species is probably rather 
Closely related to Thalassema semoni Fischer 
(1896: 338, Fig. 4; Amboina) but the descrip- 
tion lacks all details of the alimentary canal 
and figures of importance: Proboscis lost; larger 
of the two specimens 55 mm.; skin bluish-gray, 
rather thin and translucent; musculature not 
split into bundles; papillae cover skin almost 
without intervals, though more concentrated 
at posterior end; setae small; nephridia four, 
with spiral tubes; anal vesicles thin, brown, 
longer than half the body; they are attached 
to body wall by muscles; caecum not observed. 
Fischer states (1914: 19) that Thalassema 
sabinum Lanchester (1905: 40, Tale Sab, Sin- 
gora) is a synonym of semoni. However, Pra- 
shad (1919: Pl. 11, Fig. 10) figures a dissec- 
tion of sabinum, which shows a well-developed 
caecum and short anal vesicles. The proboscis 
is adherent, being an important respiratory or- 
gan owing to the ecology of the species. This 
figure also indicates that the presiphonal seg- 
ment of intestine is short. A. sabinus is ob- 
viously not close to porcellus and is probably 
not the same as semoni. 

No true Thalassema has been recorded from 
the Hawaiian Islands. Other echiuroids which 
I have examined from the islands are: Oche- 
tostoma erythrogrammon Leuckart and Riippell, 
Nawiliwili, Kauai (A. E. Verrill), and Halape, 
Hawaii (R. W. Hiatt); Ochetostoma manjuo- 
dense Ikeda, Halape, Hawaii (R. W. Hiatt); 
Anelassorhynchus inanensis (Ikeda), Halape, 
Hawaii (R. W. Hiatt). There are undoubtedly 
other species present in these waters. 

As the genera allied to Thalassema are rather 
difficult to distinguish, the following synopsis 
may prove useful. 

Keys to other genera of Echiuroidea, prin- 
cipally Bonelliidae, and figures of anatomy will 
be found in Fisher, 1946. 
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Fic. 1. Anelassorhynchus porcellus: a, map of anatomy of anterior portion of body, <5, (mesenteries are 
omitted, the foregut [P,0,C}] is capable of being straightened parallel to nerve cord so that the neurointes- 
tinal vessel [B*} is then greatly lengthened, the nephridia [N]} are usually greatly swollen by contained eggs 
or sperm); 4, diagram of ring vessel surrounding end of foregut to show connection with B* and B’; ¢, 
cloaca with anal vesicles, 5, from a smaller specimen than a; d, seta, X10, and its hook, enlarged; e, sketch 
of anterior two-thirds of a typical specimen with detached proboscis, <1. 

AV, anal vesicles; B'—B*, dorsal, ring, neurointestinal, and ventral blood vessels, respectively; C, stomach; CF, 
ciliated funnel or nephrostome; C, cloaca; I, intestine; N, nephridium; NC, nerve cord; O, oesophagus; P, 
pharynx; S, seta. 
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KEY TO GENERA OF ECHIURIDAE 


a. Two ciscles of posterior setme. nn .n--a.nn-n-nnncnnenonen Echiurus Guérin-Méneville 


a*. No posterior setae present 
b'. No differentiated thicker bands in longitudinal muscle layer 
c’. Nephrostome of nephridia without elongated spirally coiled lips 
d'. The neurointestinal blood vessel in direct connection with dorsal vessel 
directly by a ring vessel or indirectly by a ring vessel at end of foregut; 
segment of intestine between ring vessel and beginning of siphon short and 
with ciliated groove; nephrostome with inconspicuous lips; proboscis not 
especially expanded at tip, often deciduous Thalassema Lamarck 
d?. Neurointestinal vessel connected with dorsal vessel by numerous capillaries 
in wall of gut; segment of intestine between stomach and beginning of siphon 
very long (2 or 3 times body length) and with or without ciliated groove; 
nephrostome with conspicuous flap-like lip; proboscis very deciduous, long, 
I 0 I vrcrncatinicincsccttsenensicemriecntionneninciomenenoratic -Arhynchite Sato 
c?. Nephrostome with elongated, spirally coiled lips....Amelassorhynchus Annandale 
b*. Longitudinal muscle layer with slight to pronounced differentiation into longi- 
tudinal muscle bands, 6 or more in number 
cl. Nephrostome of nephridia with small circular lips; inner layer of muscles not 
differentiated into separate transverse fascicles between longitudinal bands........ 
Alana seh eee nl laain acca teameainaaeh Ueto aod odie steed Lissomyema Fisher 
c?. Nephrostome with elongated spiral lips 
d'. Differentiated muscle bands weak, the zones between not showing a fascicu- 
late arrangement of inner oblique muscles; in small specimens longitudinal 
bands very faint or visible only in posterior region......Listriolobus W. Fischer 
d*. Longitudinal muscle bands strongly developed; zones between crossed by 
separated fascicles of innermost oblique layer 





e’. Nephridia in 1 to 5 pairs; vascular ring vessel at beginning of midgut 
as Ochetostoma Leuckart and Riippell 
Nephridia, at least in male, in 6 to 14 groups of 1 to 4, the groups arranged 
in pairs; vascular ring vessel at posterior end of pharynx 


e”. 


* I have specimens of a new form from off California in which the proboscis is present. In the two 
described species there seemed to be no trace of a proboscis scar. 
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A Chronology of the Explosive Eruptions of Kilauea 


HowarpD A. PowErs! 


INTRODUCTION 


THE EXPLOSIVE ERUPTIONS of Kilauea, both 
prehistoric and historic, have been much dis- 
cussed in the literature on Hawaiian volcanoes. 
Some early general observations attributed all 
of the surface ash deposits to the known explo- 
sive eruption of 1790 (Dana, 1891: 42-45; 
Jaggar, 1921: 114-118); others recognized evi- 
dence of several different prehistoric explosions 
(Hitchcock, 1911: 166-169; Sidney Powers, 
1916). Later studies, with better exposures in 
artificial cuts on the windward rim of the crater, 
demonstrated a number of long intervals of 
quiet between several eruptions (Finch, 1925; 
Stone, 1926). This paper adds another, still 
more detailed, chapter to the accumulated 
knowledge, but much remains to be learned and 
recorded before complete understanding of the 
explosive phases of the volcano is attained. 
Many of the thoughts expressed herein are the 
result of discussion and exchange of ideas in 
the field with many coworkers, whose contri- 
butions are gratefully accepted and acknowl- 
edged. T. A. Jaggar, R. H. Finch, E. G. Win- 
gate, A. E. Jones, all formerly with the Hawaiian 
Volcano Observatory; J. E. Doerr, Jr., former 
naturalist, Hawaii National Park; H. S. Palmer 
of the University of Hawaii; C. K. Wentworth 
of the Honolulu Board of Water Supply; and 
G. A. Macdonald of the United States Geologi- 
cal Survey have all contributed to the accumu- 
lation and consideration of material which is 
presented in this paper. 


The erratic original deposition of the pyro- 
clastics of Kilauea, controlled by combinations 
of atmospheric elements and directed explo- 


? Naturalist, Hawaii National Park; since July 1, 
Seismologist, Hawaiian Volcano Observatory, U. S. 
Geological Survey. Published by permission of the 
Director, National Park Service, Department of the 
Interior. Manuscript received December 23, 1947. 


sions, has been amply discussed by Wentworth 
(1938: chapter 3). Very few individual beds 
of material could be traced with assurance as 
horizon markers, even for the short distance 
around the circumference of the crater, because 
of this erratic deposition. Also, removal of 
material by wind and water erosion during and 
between eruptions has been tremendous. As a 
net result of these two factors, there is no cross 
section in the area which contains a complete 
representation of all the explosion deposits. 

Successful analysis of the stratigraphy and 
chronology of these deposits thus depends as 
much on appraising an erosion surface in the 
section as upon correctly describing the beds 
of pyroclastic materials. In this study, great 
emphasis has been placed on recognition of 
characteristics which can be used to distinguish 
unconformities and erosion surfaces produced 
during time intervals of perhaps a few hours 
between explosions from those produced dur- 
ing time intervals measured in years or tens of 
years between eruptions. The following charac- 
teristics of the present desert surface have been 
used to identify similar long-exposed surfaces 
im cross sections of the deposits: surface oxida- 
tion, encrustation, desert varnish on fragments, 
concentration of coarser particles, thinly lam- 
inated dust deposits, and truncation of pre- 
viously consolidated layers (Plate 1B and 1C). 
Humus and other remains of plant growth are 
self-evident where they exist. 

On each of eight segments of the crater rim, 
a complete composite section of the pyroclastic 
deposits was built up by compilation from a 
number of cross sections which were sufficiently 
close together so that correlations between them 
could be made with confidence. Particular at- 
tention was paid to recording depositional 
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Eruptions of Kilauea—POWERS 279 
TABLE 1. GENERALIZED SECTION OF PYROCLASTIC DEPOSITS, KILAUEA RIM. 
S55 == indicates humus layer. 
LOCATION OF TYPE OF 
ERUPTION TYPE MAXIMUM MAXIMUM THICKNESS ON SURFACE ON 
THICKNESS THICKNESS WINDWARD RIM | WINDWARD RIM 

1924 Phreatic 18 inches S.W. Floor Kilauea 1 inch Forest 
1815 ca. Magmatic 48 inches S.W. Rim Kilauea 0 
1790 ca. Phreatic "45 inches West Rim Kilauea | 3 inches 
18-K Phreatic 20 inches S.W. Rim Kilauea 7 inches Exposed 
17-K Phreatic 40 inches S.W. Rim Kilauea _16 inches Exposed 
16-K Magmatic 21 inches S.E.Rim Kilauea _| 6 inches 
15-K Phreatic 36 inches "S.W. Rim Kilauea 3 inches 
14-K Phreatic 24 inches S.W. Rim Kilauea 0 Exposed 
13-K Magmatic 80 inches S.E. Rim Kilauea 10 inches Exposed 
12-K | Phreatic 10 inches North Rim Kilauea 10 inches 
11-K Phreatic 7 inches N.W. Rim Kilauea 5 inches Exposed 
10-K Phreatic 12 inches S.W. Rim Kilauea 2 inches _Exposed 
5-K to Magmatic 175 inches S.E. Rim Kilauea 25 inches 
9-K (about) 

“~"3-Kto | Magmatic | 200 inches S.E. Rim Kilauea 30 inches 
4K _ (about) 
2-K Phreatic 11 inches N.E. Rim Kilauea 11 inches 
1-K Magmatic 12 inches N.E. Rim Kilauea 12 inches em 

Lava Flows ‘400 feet North Rim Kilauea ” 

5-U Magmatic 8 inches N.W. Wall Kilauea 
4-U Magmatic 8 inches N.W. Wall Kilauea 
3-U Magmatic 8 inches N.W. Wall Kilauea 
2-U Magmatic 12 inches N.W. Wall Kilauea 
1-U Magmatic 18 inches N.W. Wall Kilauea 




















breaks, erosional breaks, and breaks represent- 
ing exposure as a surface for an important time 
interval. The thickest “blanket” occurrence 
(contrasted to pocket accumulations) in each 
small area is stated as the thickness of individual 
layers in the composite section; likewise the 
greatest number of separate layers found in 
each small area is used to represent a given 
eruption series. Thus, the composite section 
cannot be duplicated in any single section in 
an area, but represents the maximum number 
and blanket thickness of recognizable layers 
in each area. Similarly, composite sections were 
compiled for areas away from the rim in each 
major direction. 

Cross correlation of these composite sections, 
depending as much on correlations of time— 
interval patterns as on a few recognizable hori- 
zon layers, has yielded a composite stratigraphic 
column and chronologic sequence of explosive 


activity for Kilauea. This is summarized in 
Table 1; the details of the most critical sections 
and the writer's correlation between sections are 
presented in Table 2. Eruptions of the two 
separate series have been numbered serially, 
ie., 1-U for the oldest Uwekahuna tuff erup- 
tion, and 1-K for the oldest Keanakakoi erup- 
tion. 

An overestimate of the time represented by 
some of the erosion surfaces may have yielded 
too great a number of eruptions. On the other 
hand, eruptions of the magnitude of the 1924 
explosions might easily have been omitted en- 
tirely because of failure to discover remnant 
patches of their deposits. On the present rim 
surface, diligent search will find only a few 
patches of 1924 ash remaining (Plate 1B and 
1C). Comparable remnant patches, buried in 
the stratigraphic section, could easily be over- 
looked. 
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Fic. 1. Kilauea Crater and vicinity drawn from parts of the Glenwood and Kilauea Crater Quadrangles, 


U.S.G.S. topographic maps of Hawaii. 


Contour interval, 100 feet. Heavy contour lines are used on surfaces 


of the Kilauea dome which are apparently undisturbed by faulting; light lines are used for surfaces disturbed 


by faulting. Lettered localities are discussed in the text. 


In the following text, it will be evident that 
descriptions of materials are presentations of 
fact, while appraisals of time intervals and cross 
correlations are presentations of the writer's 
interpretation. 


UWEKAHUNA FORMATION 


The oldest pyroclastic material which can be 
associated definitely with the central crater of 
Kilauea, the Uwekahuna formation (Stone, 
1926: 27-28), is found in type locality in out- 
crops in the base of the northwest crater wall. 
The thickest section has been buried by the 


1919 lava flow, but it was photographed by 
Jaggar in July, 1913 (Plate 2B), and cliff de- 
tails in the photograph can be identified now 
in the field, making it possible to locate the 
exact position of the buried outcrop (locality 
A in Fig. 1 and Plate 2A) and to determine 
that the top of the tuff lies about 16 feet below 
the present surface of the 1919 pahoehoe lava 
at an estimated altitude of about 3,630 feet. 
This deposit was described by Sidney Powers 
(1916: 230) as “...exposed to a thickness of 
only 17 feet and for a length of about 500 feet, 
at the base of a cliff 170 feet in height.” The 
present top of the cliff, above this deposit of 
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Fic. 2. Generalized pattern of distribution of several eruption deposits, shown at one-half the scale used 
in Figure 1. A, reticulite from eruption 1-K; B, composite vitric deposits from eruptions 3-K to 9-K, inclu- 
sive; C, vitric deposits from eruption 13-K; D, lithic deposits from eruption 15-K; E, lithic deposits from 
eruption 17-K; F, lithic deposits from the 1790 eruption. 


Uwekahuna tuff, has an altitude of about 3,920 
feet, indicating that the tuff lies beneath nearly 
300 feet of bedded lava flows in the wall of the 
present crater, rather than the 170 feet sug- 
gested by Powers’ sentence. 

The most extensive occurrence of the Uwe- 


‘ 


kahuna tuff is an apparently continuous, nearly 
horizontal deposit extending for about 5,000 
feet (between localities B and C in Fig. 1 and 
Plate 3A), interbedded in the lavas of the 
northwest wall of Kilauea crater, and exposed 
in outcrops between talus fans at the base 
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of the cliff. At B the tuff is 3 feet thick, lies 
10 feet above the present crater floor at an 
altitude of 3,560 feet, and ends abruptly to the 
northeast against the edge of a rim block which 
has slumped about 20 feet with respect to the 
rim section in which the tuff is exposed— 
enough displacement to bury the tuff layer 
beneath the crater floor if it continues into the 
slumped block. At C the tuff is exposed at the 
base of the crater wall at an altitude of 3,590 
feet, then follows an unconformity which trun- 
cates some lava layers in the cliff, rising steeply 
to the southwest to an altitude of about 3,690 
feet where it levels off for a short distance be- 
fore it disappears to the southwest behind a 
rim block which has slumped about 300 feet 
with respect to the main crater wall containing 
the tuff outcrops (Plates 2A and 3A). 

A third occurrence of tuff, interbedded in 
lavas of crater-rim age, is found at the bottom 
of the largest tree mold under the surface 
pahoehoe flow a third of a mile northwest of 
that corner of Kilauea crater (Doerr, 1933: 
3-7). Here, a group of koa trees apparently 
grew in soil formed on a surface blanket of 
tuff. At least 20 of these trees were surrounded, 
without being toppled over, by the last lava 
flood which covered this part of the outer slope 
of Kilauea, and molds of their trunks are pre- 
served in the congealed lava. The largest mold, 
having a maximum diameter of 7 feet and a 
depth of about 18 feet, is so located that it acts 
as a sump to drain the surface runoff from 
several acres, and erosion by water entering the 
mold has removed the tuff layer to form a 
cavern as much as 20 feet wide and 150 feet 
long, floored by an underlying pahoehoe lava 
surface and roofed by the bottom of the upper 
lava flow. The tuff exposed along the sides of 
the cavern ranges from 0 to 36 inches in thick- 
ness. It mantled the irregular surface of the 
underlying pahoehoe lava, and had been greatly 
eroded before burial by the surface flow. The 
tuff lies at an altitude of slightly over 4,000 feet. 
For reasons stated in the following paragraphs, 
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this tuff is correlated with the Uwekahuna for- 
mation of the type locality. 

The type deposit of the Uwekahuna tuff (in 
the base of the northwest crater wall) ranges in 
thickness from a few inches to over 7 feet. It 
consists of several beds of fine to coarse vitric 
pumice, intercalated with variable thicknesses 
of lithic debris mantling an unmodified surface 
of pahoehoe lava. A typical section (locality S 
on Plates 2A and 2C) is: 


Inches 

Bottom of overlying lava 

RN MUNN I iii incsenccccaniencntntiasmiiiene 3 
Oxidized desert surface 

Coarse pumice with a few lithic fragments...... 6 
Oxidized desert surface 

Agglomerate of lithic dust and fragments........15 
Oxidized desert surface 

Coarse pumice with a few lithic fragments...... 4 
Oxidized desert surface 

I I I iscseseccaciccnteccorenes 8 
Oxidized desert surface 

Fine vitric shards grading down to coarser......12 
Surface of underlying lava flow 


Most outcrops show the five layers of vitric ma- 
terial separated by oxidized desert surfaces; the 
amount, coarseness, and texture of the inter- 
calated lithic debris vary greatly from outcrop 
to outcrop. The section on the outer slope of 
the Kilauea dome at the bottom of the tree 
mold consists of: 


Inches 

Bottom of overlying lava flow 

TN I sis citiieniicinnericsitennaceanonsalicbisaaaence 2 
Oxidized surface 

ee Wet OUND en 5 
Oxidized surface 

Fine to medium, bedded vitric pumice............ 6 
Oxidized surface 

Fine, bedded vitric pumice........................-..----- 9 
Oxidized surface 

Very fine vitric ash and pumice........................ 3 


Surface of underlying lava flow 


Thus, five epochs of magmatic fountaining, 
separated by times of quiet but with no inter- 
vening deposition of lithic debris, are repre- 
sented at the tree mold locality. If the variable 
lenses of intercalated lithic debris are ignored 
in the type section, the five vitric layers in the 
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type sections of the Uwekahuna tuff may be 
correlated satisfactorily with the five vitric layers 
found at the tree mold locality. Future study 
may indicate that the lithic debris represents 
deposits from phreatic eruptions; the present 
evidence suggests that the composition and dis- 
tribution of the lithic lenses are too erratic even 
to represent phreatic eruption deposits. At 
present it is thought that they are talus debris 
and outwash material interbedded with the 
mantle deposits of pumice on the floor of an 
old crater near the base of an old crater wall. 

Of the tuff pictured in Plate 2B, Sidney 
Powers (1916: 230) gives the following de- 
scription: “The beds are composed principally 
of yellow ash with some rock-fragments 1-2 
inches in diameter, lava droplets, thread-lace 
scoria, and a few bombs 6 inches in length.” 
Wentworth (1938: 88) discounts the possible 
correlation of this tuff with the Pahala tuff. 
Macdonald thinks it may be a continuation of 
the tuff still exposed northeast of Uwekahuna 
and it is so considered by the writer. 

To the northwest and the northeast, beyond 
the edge of Kilauea surface flows, a deposit of 
partly consolidated crystal-vitric tuff is found 
which possibly correlates in age with one of 
these Uwekahuna magmatic eruptions. In the 
Bird Park area (Fig. 1), this bed lies on pala- 
gonitized Pahala tuff under the edge of an aa 
flow from Mauna Loa, which in turn is older 
than the lowest member of the Kilauea surface- 
ash deposits. About two miles northeast of 
Kilauea, at about 3,800 feet (locality D, Fig. 1), 
a bed of coarse, slightly palagonitized vitric 
shards lies on top of the completely palagoni- 
tized Glenwood tuff under a layer of unaltered 
surface ash from Kilauea. 

All of these tuff deposits are considered parts 
of the same formation—the Uwekahuna tuff— 
deposited on different parts of an older Kilauean 
dome with a collapse caldera in the summit. 
The tuff is considered to be the remnant de- 
posits of five epochs of intense lava fountaining 
or magmatic explosion separated by intervals 
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of relative quiet measured in at least tens of 
years. 

Studies now in progress on the rate of refor- 
estation in given climatic zones may eventually 
yield data making useful the state of reforesta- 
tion as a quantitative indicator of elapsed time 
since a given area was a new volcanic surface. 
At present, the use of forest growth as an 
indicator of the age of a surface is not much 
better than intelligent guessing, but one is 
tempted to use it in evaluating the lapse of time 
between the eruption of the pre-Uwekahuna- 
tuff pahoehoe flow and the destruction of the 
koa grove by the post-tuff flow at the tree mold 
locality. Present climatic conditions between 
the tree mold locality and an area just north- 
east of Keanakakoi are not widely different; 
the average annual rainfall is approximately 60 
to 70 inches at both places, with slightly more 
fog at the tree mold area. Deposits from the 
1790 eruption average over a foot thick on 
the Kilauea rim just north of Keanakakoi, but 
thin to 3 inches in less than a quarter of a 
mile to the northeast. The present surface is 
practically barren of tree growth north of Kea- 
nakakoi, but supports a dense forest of ohia and 
amaumau fern a quarter of a mile to the north- 
east. In fact, the transition from dense growth 
to barren surface occurs in a zone about 300 
yards wide in which scattered trees and ferns 
have obtained a foothold (Plate 1A). The 
conclusion seems justified that the 1790 deposit 
killed the surface vegetation up to a fairly 
sharp line and that the advance of reforestation 
over the new surface has progressed about 300 
yards in 150 years. Judging from the present 
relationship of the slopes of Kilauea to the 
forested slopes of Mauna Loa, the tree mold 
area could not have been closer than half a 
mile (probably a mile) to living koa forest 
after the eruption of the pre-Uwekahuna sur- 
face lava flow. The trees which formed the 
molds hardly could have obtained foothold until 
the end of the second Uwekahuna magmatic 
explosion since its eruption of 9 inches of 
pumice at this spot probably would have killed 
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forest growth. The advance of the koa forest 
across more than half a mile of barren surface 
would seem to demand at least 300 years, and 
growth of the tree with a diameter of 7 feet 
would seem to require perhaps 300 years. The 
time lapse between emplacement of the two 
upper lava flows enclosing the Uwekahuna tuff 
could well approach 1,000 years. 

Above the lower outcrops of Uwekahuna 
tuff, truncated by the present crater wall, are 
at least 30 pahoehoe flows ranging in thickness 
from 1 to 35 feet (Macdonald, in press) and 
separated by flow contacts which show no evi- 
dence of prolonged erosion or soil accumulation. 
This epoch of rapidly recurring eruptions of 
fluid lava apparently filled the supposed old 
crater, overflowed the old outer rim at least 
one flow deep on the northwest (the tree mold 
flow), and restored a constructional dome shape 
to the summit of Kilauea. Reconstruction of 
the probable shape of the dome by using present 
surface contours in segments that have not been 
faulted, and restoring the measurable amount of 
slump in the down-faulted segments, indicates 
that the probable summit of the dome was 
elongated east-west across the north end of the 
present caldera between Uwekahuna and the 
east end of Kilauea Iki. On Figure 1, the con- 
tours of the unfaulted Kilauea surface are indi- 
cated by a slightly heavier contour line. 

This epoch of rapidly recurring overflow ap- 
parently closed with the collapse of at least 
part of the present caldera and with the start 
of a series of explosive eruptions which de- 
posited the members of the Keanakakoi forma- 
tion (Wentworth, 1938: 92) on the surface 
of the present caldera rim. 


KEANAKAKOI FORMATION 


The Keanakakoi formation includes all frag- 
mental deposits emplaced on the present rim of 
Kilauea by explosive eruption of the summit 
crater. In theory it should represent all of the 
late explosive eruptions, but of necessity any 
explosions too feeble to deposit an appreciable 
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layer of material on the rim exclude themselves 
because they have left no visible record. The 
present interpretation identifies deposits from 
21 different explosive eruptions separated by 
breaks representing time lapses to be measured 
at least in years. Not less than seven of these 
breaks were long enough for re-establishment of 
a vegetative cover on the humid windward rim. 
Ten of the eruptions involved only phreatic 
explosions; 11 were magmatic explosions or in- 
tense lava fountaining. 

The oldest layer of known pyroclastic material 
on the surface of the Kilauea rim lavas is 
the “reticulite’ (Wentworth, 1938: 93) or 
“thread-lace scoria” (Dana, 1891: 163). In 
places on the northeast rim, thin patches of 
lavender clay are found on the lava under the 
reticulite, but it is not known whether this clay 
represents the remnants of an earlier explosive 
eruption deposit, or is merely surface detritus 
which was mechanically eroded from the surface 
of bare pahoehoe, concentrated into pockets, 
and mixed with accumulated humus. Oxidation 
of the glassy pahoehoe skin is found everywhere, 
though it cannot be demonstrated that this oxi- 
dation occurred before deposition of the reticu- 
lite. The surface of the clay pockets is also 
oxidized and contains humus, so it is quite 
probable that a vegetative cover had at least 
partially developed on the northeast rim prior 
to the eruption of the reticulite. This deposit 
can be found in blanket thicknesses of about 
12 inches on the north and east rims of the 
crater (Fig. 2A). Thin blanket deposits and 
pocket accumulations have been found entirely 
around the rim and as far away as the Bird 
Park. It is found under the edge of the Kea- 
moku aa flow from Mauna Loa. 

It is difficult to appraise the time interval 
between deposition of the reticulite and its 
burial by the next eruption deposit. Charcoal 
fragments are found on the surface of the 
reticulite on the northeast rim. They may be 
relics of vegetation burned by the deposition of 
the reticulite, or they may represent vegetation 
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that grew on the surface of the reticulite. The 
reticulite is a material which could support 
vegetative growth and show very little decom- 
position or mixture with humus. 

The second eruption was phreatic, and de- 
posits from it are found only on the north and 
east rims. On the slumped rim-blocks below 
Waldron’s Ledge along the Volcano House- 
Halemaumau Trail, are 36 inches of mixed, 
tan pisolitic clay and lithic fragments up to a 
cubic foot in volume. The deposit on Byron’s 
Ledge, at the north end, is similar in make-up, 
but only 6 inches thick. On the Steaming Flat 
(N. Rim 3,950 in Table 2), the deposit con- 
sists of 5 inches of pisolitic tan clay overlain 
by 6 inches of layered dust and fine sand. This 
11-inch blanket on the Steaming Flat probably 
would have destroyed existing vegetation. A 
humus layer on its top indicates that some soil 
was formed and a vegetative cover developed 
again before the next eruption. Scattered pumice 
is mixed in with the soil surface in many places, 
and a thin pahoehoe lava flow covered part of 
the north end of Byron’s Ledge during this time 
interval. 

Remnant deposits from the third and fourth 
explosive eruptions range in thickness from 
about 200 inches west of Keanakakoi (S. Rim 
3,650 in Table 2) to 2 inches on the top of 
Uwekahuna Bluff (N.W. Rim 4,075 in Table 
2). A 12-inch section on the Steaming Bluff 
consists of: 


Inches 
Humus layer at old surface 
cn STEERS nen eer eee 2 
Wind-blown vitric shards, dune-like................ 1 
Fine vitric shards grading down to pumice...... 2 
Depositional break 
I I ceric cassussssicdsonmmmabciaiss 2 
Depositional break 
Fine vitric shards grading down to pumice...... 2 


Depositional break 
Fine vitric shards grading down 
a 
Humus layer, surface of second eruption deposit 


The thickest section of these vitric deposits 
(near Keanakakoi) is in a cliff which is in- 


‘ 
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accessible for detailed study. In the walls of 
a gaping surface crack southeast of Cone Peak, 
under the crack flow, the section is 108 inches 
of alternating beds of fine, dun-colored pisolitic 
vitric shards and coarser pumice lapilli up to 
one-half inch in diameter. One mile east (local- 
ity E in Fig. 1), the section consists of about 80 
inches of bedded, dun-colored vitric shards; 
another half a mile to the east, just northwest 
of Ahua Kamokukolau, the section is only 6 
inches of unconsolidated, apparently wind- 
drifted, dun-colored vitric shards. 

Following the deposition of these vitric beds 
in the third and fourth eruptions, a complete 
vegetative cover became re-established on the 
windward rim, and pronounced erosion occurred 
on the leeward rim (Plates 1D and 4B). 

A series of at least five magmatic explosive 
eruptions next deposited beds of vitric shards 
and pumice totaling over 20 inches on the 
windward rim and over 130 inches on the lee- 
ward rim. A thin pahoehoe flow lies on top of 
this series on the southeast rim of Kilauea near 
Keanakakoi. The eruptions were separated by 
time intervals long enough to produce exposed 
surface features but too short to permit the 
growth of vegetative cover on the windward 
rim; however, recovery of the windward rim 
vegetation followed the last of these eruptions. 

The small size and fragmental shapes of the 
shards making up a large part of these thick 
vitric beds and the presence of pisolitic struc- 
tures, seem to indicate that the eruptions which 
produced them were more violently explosive 
than the lava fountains which have been ob- 
served at Kilauea (or Mauna Loa) in recent 
years. On the other hand, the explosions were 
less violent than some of the phreatic blasts 
which lifted fine material into the upper air 
above the trade winds, because the distribution 
of the vitric beds (Fig. 2B) is typical of deposi- 
tion under trade-wind influence. 

The extremely rapid thinning of these beds 
of vitric ash in all directions is very striking. 
Beds 100 inches in thickness half a mile due 
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southwest from the present leeward rim of the 
crater decrease to less than 10 inches in the 
next half mile to leeward. The size of particles 
decreases rapidly also; no particles reaching a 
diameter of 14 inch are found in the beds of 
the original blanket deposit at distances 2 
miles to leeward. Pieces of frothy pumice con- 
siderably larger than this are found in pockets 
as much as 4 miles distant, but their occurrence 
indicates, without much question, that they have 
been skipped and rolled downhill by wind 
drifting. This very localized distribution of the 
products of the greatest vitric ash eruptions 
known to have come from the central crater of 
Kilauea, raises a serious question as to the abil- 
ity of earlier Kilauea crater explosions to have 
contributed directly and appreciably to the ash 
deposits of Hilina Pali and similar areas over 
10 miles from the central crater. 

The next three eruptions, numbers 10, 11, 
and 12, were relatively weak phreatic explosions, 
as the lithic particles in their deposits are all 
smaller than medium gravel. The earlier deposit 
is thicker on the southwest rim, perhaps due to 
trade-wind control during deposition, while the 
latter two are thickest on the windward rim. 
The time intervening between each of these 
eruptions was insufficient for reforestation, but 
the time following the third one was long 
enough to produce a vegetative cover, as evi- 
denced in the section on the southeast rim 
at the edge of the humid area. A good soil is 
present on the deposit from this twelfth erup- 
tion on the northwest rim, but it represents a 
telescoping of several ensuing time intervals 
and uninterrupted growth of vegetation up to 
the time of the seventeenth eruption. 

The thirteenth eruption was essentially one 
of intense fountaining, but locally several of the 
explosions hurled out small amounts of wall- 
rock fragments (probably from talus piles 
within the craters) which are mingled with the 
pumice. The deposit is localized (Fig. 2C): 
80 inches of coarse and fine pumice with a few 
lithic blocks are found on the south rim due 
west of Keanakakoi; 11 inches of bedded 
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pumice with a few small lithic fragments are 
found on the southeast rim; and a few inches 
of pumice alone are found on the rest of the 
circumference of the crater. A thin pahoehoe 
flow, which issued from a concentric crack a 
mile southwest of the crater and flowed over 
several acres of surface, is correlated tentatively 
with this magmatic eruption. 

In detail, the thickest section of this deposit 
consists of: 


Inches 

Desert surface 

Fine vitric shards approaching dune sand........ 4 
Textural break 

Bedded, fine to coarse pumice, some lithic 

FETE LETTE: 24 

Textural break 

Bedded, pisolitic vitric shards and coarse 


EE Ne 
Textural break 
I I iiss silars sachin iencntcanebninall 12 


Surface of underlying material 


The fourteenth eruption was phreatic, and its 
deposits rernain only on the west and southwest 
rim of the crater: 3 inches of lithic fragments 
up to half an inch in diameter on the west rim, 
and 24 inches of bedded lithic dust on medium 
to coarse lithic fragments on the southwest 
rim. 

The fifteenth eruption was a phreatic explo- 
sion which deposited lithic blocks of over a 
cubic foot in volume more than a quarter of 
a mile beyond the present southwest rim and 
on Uwekahuna Bluff (Fig. 2D). At the south- 
west rim, the deposit is 36 inches thick and con- 
sists of large to small lithic blocks mixed 
through a matrix of pisolitic dust. Away from 
the crater rim, the lithic fragments play out 
rapidly from the thick layer of partly consoli- 
dated, fine pisolitic dust. At the contact of the 
Kilauea slope against Mauna Loa at the foot 
of Kipuka Puaulu (Bird Park), the section is 
over 6 inches thick, consisting of an upper layer 
of compact pisolitic dust, a middle layer of dust 
and fine lithic sand, and a lower layer of piso- 
litic dust. This bed mantles the lower mile of 
the Mauna Loa slope northwest of Kilauea. It 
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is 6 inches thick at B.M. 3,633 where the belt 
road climbs onto the edge of the Keamoku 
flow 2 miles west of the crater. At F in Figure 
1, east of Cone Peak, the section shows oxida- 
tion of the upper members and consists of 4 
inches of dust to fine sand, 1 inch of pisolitic 
dust, 2 inches of laminated dust on coarse sand, 
and 1 inch of medium-sized lithic sand. 

The time intervening between the thirteenth 
and the sixteenth eruptions was long enough 
for a vegetative cover to develop on the south- 
east rim. The fact that oxidation is deeper (in 
the leeward sections) on the deposits of the 
fifteenth eruption than on either the thirteenth 
or fourteenth suggests that the greater part of 
the time interval occurred between the fifteenth 
and sixteenth eruptions. 

The deposits of pumice, mixed with a few 
lithic fragments, of the sixteenth eruption are 
concentrated to thicknesses of 21 inches on the 
south rim near Keanakakoi. At the edge of 
the humid area (S.E. Rim 3,775 in Table 2) 
4 inches of this pumice are topped with a good 
humus layer. Elsewhere the surface shows much 
erosion and oxidation of wind-blown surface 
material and carries abundant drift pumice and 
Pele’s hair. 

The remnant rim deposits of the seventeenth 
eruption range in thickness from 6 inches on 
the northeast rim to 41 inches on the south- 
west rim (Fig. 2E) and are sufficiently well 
preserved to suggest an appraisal of the explo- 
sive phases of the eruption. After an assumed 
preliminary stage which left no record on the 
rim, the first (recorded) phase was the most 
violent phreatic explosion of the eruption and 
was followed by a pause in which rains cleared 
the air of dust. This is suggested by the basal 
layer which is found as follows: 3 inches of 
lithic fragments ranging from coarse sand up 
to 3-inch diameter (a few blocks exceeding a 
cubic foot in volume) capped by a top film 
of fine sand and dust on the northeast rim; 24 
inches of lithic fragments ranging from a quar- 
ter inch up to 6 inches (a few blocks of as much 
as 4 cubic feet in volume) capped by 1 inch of 


, 
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pisolitic dust on the southwest rim; and inter- 
mediate thicknesses of similar materials on the 
southeast and northwest rims. The second phase 
included at least four explosions following one 
another so closely that the air was not cleared 
of fine dust between them. The deposit on the 
northeast rim consists of four layers of coarse 
to fine lithic sand totaling about 3 inches, and 
on the southwest rim consists of four layers of 
lithic lapilli (up to 14 inch in diameter) grad- 
ing into coarse lithic sand totaling about 15 
inches in thickness. The third phase included 
one explosion followed by rains localized on 
the leeward side of the crater. This last explo- 
sion deposited a thin layer of lithic sand grad- 
ing into about an inch of non-pisolitic dust on 
the windward rim and 6 inches of lithic lapilli 
and coarse lithic sand capped by 4 inches of 
pisolitic dust on the leeward rim. 

No humus formed on these deposits on the 
windward rim, but the surface features indi- 
cate wind work, crustation, and oxidation char- 
acteristic of exposure for an interval at least of 
some years’ duration. Pumice, Pele’s hair, and 
Pele’s tears scattered on the surface indicate 
lava fountaining during the interval. 

The deposits from the eighteenth eruption 
range in thickness from 2 inches on the wind- 
ward rim to 20 inches on the leeward rim. A 
possible separation of the explosions is again 
suggested by the details of the section on the 
southwest rim. At the start of the eruption, 
four relatively small phreatic explosions de- 
posited a total of 10 inches on the southwest 
rim made up of four layers of coarse lithic sand, 
each capped by lithic dust, and a total of 2 
inches of pisolitic lithic dust on the windward 
rim. Two more phreatic explosions deposited, 
respectively, a 4-inch and a 2-inch layer of 
coarse to fine lithic sand on the leeward rim 
and a 1-inch layer of pisolitic dust mixed with 
coarse lithic sand on the windward rim. Per- 
haps both of these phases occurred during trade- 
wind rains. The last explosion deposited an un- 
sorted aggregate of lithic fragments in a matrix 
of tan pisolitic dust all around the rim, ranging 
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from 2 inches thick on the northeast to 12 
inches on the south near Keanakakoi. 

The surface of this deposit shows the effects 
of prolonged exposure and wind erosion (Plate 
4C) in every area, but no humus layer accumu- 
lated on the windward rim. 

The remnant deposits on the crater rim from 
the 1790 eruption (Finch, 1947: 1) range in 
thickness from about 3 inches on the windward 
rim to a maximum of about 44 inches on the 
broad fault block forming the inner, western 
rim of Kilauea (Fig. 2F). At this locality, the 
deposits indicate at least three main explosive 
phases. The lowest layer is 8 inches of lithic 
fragments (up to 2 inches in diameter) grad- 
ing up into a thin layer of fine lithic sand. The 
middle layer is 12 inches of unsorted, fine to 
coarse, lithic fragments capped by a thin layer 
of lithic dust. The upper layer, 24 inches 
thick, consists of 18 inches of’ medium to large 
lithic blocks (up to 6 inches) grading up into 
4 inches of coarse to fine lithic sand, grading 
into 2 inches of fine lithic dust. A mile south, 
on the southwest rim, the deposit is about 12 
inches of unsorted, fine to coarse, lithic frag- 
ments, and it continues in similar thickness and 
composition around the south rim to the section 
due north of Keanakakoi. From this point north- 
east along the rim, the deposit thins very rapidly 
to 3 inches in less than a quarter of a mile 
(Plate 1A). On all of the windward rim, the 
deposit consists of unstratified material ranging 
from dust to pebbles approximating a hen’s 
egg in size, now mixed with humus as well as 
some indistinguishable, fine material from his- 
toric eruptions. It makes up the bulk of the 
present surface soil, though there has been no 
chemical decomposition of the lithic fragments. 
On the leeward desert rim, except where it is 
covered by later deposits, coarse fragments from 
this deposit have been concentrated and fine 
material has been crusted to form the stony 
pavement characteristic of the desert surface. 

The thickness of this deposit decreases rapidly 
in all directions away from the crater. A maxi- 
mum thickness of 6 inches can be found on the 
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outermost rim due west of Halemaumau at 
3,800 feet altitude, on the broad slope east of 
Cone Peak at 3,600 feet, and due south of 
Keanakakoi at 3,600 feet. The size of fragments 
decreases and the proportion of dust increases 
with distance away from the crater rim. Many 
blocks with a volume exceeding a cubic foot 
and a few with a volume exceeding a cubic 
yard are found on the rim around the south- 
westerly half; fragments up to 6 imches in 
diameter are found to the southwest as far as 
Cone Peak; fragments up to 2 inches in diam- 
eter are not rare to the southwest as far as the 
3,400-foot contour; and many fragments reach 
half an inch in diameter near Mauna Iki at 
2,900 feet. 

The deposit is made up almost entirely of 
crystalline fragments and contains no juvenile 
vitric pumice, though, in a small area, bread- 
crusted blocks and cored bombs are common. 
Near Keanakakoi, such fragments make up 
nearly 1 per cent of the deposit and blocks and 
cored bombs up to a cubic foot in volume are 
found as much as half a mile from the crater 
rim. They are very rare in the other quadrants 
of the crater rim. The insignificant amount of 
still-plastic material (at time of eruption) rep- 
resented by these bombs is considered to have 
been “bench magma” left behind by the abrupt 
withdrawal of the active magma column, and 
the eruption is believed to have been made up 
entirely of phreatic explosions. 

Correlation of specific eruption layers in sec- 
tions somewhat distant from the rim of the 
crater is almost entirely speculative. On wind- 
ward slopes an appreciable thickness of ma- 
terial was deposited by very few eruptions, 
and any thin deposits lost their identity 
by incorporation in the then-existing, surface 
soil. To leeward, immediate attack by wind 
erosion rapidly destroyed most thin layers of 
ash, adding the coarser materials to the moving 
sand dunes and transporting the fine material 
entirely out of the area in which it was depos- 
ited. Beds of water-saturated pisolitic mud 
which have been partly consolidated and sur- 
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face-crusted during the initial drying out are 
the only thin leeward layers which remain in 
place for an appreciable length of time. 

In the belt of young ohia forest a mile 
northeast of the rim of Kilauea, the ash sec- 
tion and a possible correlation with the Keana- 
kakoi series eruptions is: 


Eruption 
4 inches of surface humus grading into next 
layer 
2 inches of lithic sand and fine gravel.......... 1790 
3 inches of pisolitic aggregate.....................- 18-K 
7 inches of lithic sand and gravel.................. 17-K 
Humus layer 
8 inches of lithic sand and gravel................ 12-K 
Humus layer 
2 inches of pumice mixed with humus........ 9-K 
8 inches of vitric ash mixed with humus............ 
Kalsciinciasbeicheasteniaccapsagantenapiliniobaticniaeeinaiia 8-K to 3-K 
Humus layer 
Fe RE Or iii sreccrsictnerineinctntincncnied 2-K 
Rn ie RR iia ci iciescinteriesininccsterend 1-K 


Two miles to the northeast, in a more mature 
forest made up of ohia, tree fern, and koa, the 
section is: 


Eruption 
Humus top layer 
8 inches of lithic sand and fragments mixed 
with humus 1790 to 12-K 
1 inch of pumice mixed with humus............ 9-K 
15 inches of vitric shards and ash........ 8-K to 1-K 





In the desert, 6 miles to the southwest of 
Kilauea, at the locality of the human footprints, 
there remain patches of two pisolitic layers, 
probably representing beds of original deposi- 
tion, and much wind-transported, dune sand. 
One section showed: 


Inches 
ET 
Crusted stony pisolite layer....................-..---+--. 2 
Imprisoned dune sand.............-.---------0--s-0-e+0++--90 
Mud-cracked pisolitic layet.....................-.-.-++-+ 2 
Imprisoned dune sand...................-.-.--0+-----++----48 


Pahoehoe lava surface 


The lower pisolitic bed is made up of three 
layers: at the bottom is half an inch of finely 
laminated dust, next an inch of pisolitic dust, 
and on top is another half an inch of finely 


, 
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laminated dust (Plate 3B). The surface of this 
bed is cut by mud cracks which extend down 
part way into the pisolitic layer. The cracks 
have been filled with fine drifted dust. In the 
surface of the layer are found some of the 
fossil footprints, impressed even into the middle 
of the central pisolitic layer. The whole bed 
has been consolidated enough to resist imme- 
diate removal by wind and rain, but it has 
been and is being removed slowly by erosion. 
In many places all of the upper laminated dust 
and the middle pisolitic layers have been re- 
moved, leaving only a thin crust of the lower, 
laminated, dust layer. In the section described 
above, a trench was driven into the bank ex- 
posing a 10-foot section containing the two 
footprint-bearing pisolitic beds with dune sand 
between. In this 10-foot artificial exposure, the 
lower bed ranged in thickness from 2 inches to 
half an inch in places where wind scour had 
removed the upper two-thirds of the bed prior 
to its burial by the dune sand. 

The upper footprint bed consists of mixed 
sand, lithic fragments (up to a half inch in 
diameter), and pisolitic dust and ranges in 
thickness from 1.5 to 2 inches. Its surface is 
protected by a thin crust, and the entire layer 
is partly consolidated. The scattered remnants 
of this deposit in the footprint area have not 
yet been traced with any assurance into the 
continuous layers nearer the crater which can 
be correlated with eruptions with some con- 
fidence. It appears reasonable to assign the 
upper, crusted footprint layer to the 1790 erup- 
tion, chiefly because it is the youngest and be- 
cause it is associated with the known presence of 
Hawaiians in the area during the eruption. On 
the other hand, it might be argued that the two 
pisolitic layers should be correlated with the 
two phreatic eruptions which made the thickest 
deposits remnant on the southwest rim near the 
crater, namely the seventeenth and fifteenth 
eruptions. Possibly more detailed field work 
may yield data on which a definite correlation 
may be based. At present, it seems certain that 
the two footprint-bearing layers are products of 
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two different phreatic eruptions which prob- 
ably should be chosen from among the 1790, 
the seventeenth, and the fifteenth eruptions. 

Evaluation of the time span covered by the 
eruptions of the Keanakakoi formation can be 
no better than a guess at present; but perhaps 
a guess, tempered by the impressions of rela- 
tive time intervals and periods of exposure that 
one gets while “living with the problem” in the 
field, is worth recording. 


The present forest cover on the northeast 
rim of Kilauea is probably the heaviest tree 
growth which has developed in any period since 
the emplacement of the upper lava flow of this 
part of the crater rim. The deposits of the 
1790 and the eighteenth eruption on this part 
of the rim are too light to have killed well- 
established trees, though each probably killed 
small ground-covering vegetation. Deposits from 
the seventeenth eruption were thick enough 
probably to have killed all vegetation as far as 
half a mile to the northeast of the rim. Judging 
from comments of early visitors, a good ground 
cover and at least a scattered stand of scrubby 
ohia were established on the immediate rim as 
long ago as 1825. Taking everything into con- 
sideration, my impression is that the present 
reforestation of the rim since the seventeenth 
eruption has required approximately 400 years. 
The next heaviest vegetative cover formed on 
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the northeast rim was established in the time 
interval between the twelfth and the seventeenth 
eruptions. The humus layer indicates heavy 
ground cover, and molds of small ohia trees 
have been found. The “kill” of the twelfth 
eruption probably extended about the same 
distance to the northeast of the rim as did that 
of the seventeenth. This time interval may 
have been about 300 years. Much less time 
seems to be required for the intervals between 
the ninth and the twelfth, and the fifth and the 
ninth eruptions, since the humus is thin. The 
vegetative cover developed on the deposits of 
the fourth eruption consisted largely of fern, 
ohelo, and other low growth and probably 
could have developed in about 200 years. A 
similar period apparently would suffice for the 
time between the second and third eruptions. 
An estimate of perhaps 1,500 years is suggested 
for the total time covering the explosive erup- 
tions of the Keanakakoi formation. 


CONCLUSIONS 


Detailed study of the disconformities and 
unconformities between the beds in the pyro- 
clastic deposits of Kilauea crater and appraisal 
of the relative time intervals which they repre- 
sent, combined with study of the lithology of 
the beds, have facilitated a preliminary catalog- 











PLATE 1A. Abrupt transition from heavy forest cover to barren surface, possibly the southeast limit of 
“forest kill” by the 1790 eruption, perpetuated because local climatic conditions have inhibited reforestation. 
Looking northeast across Keanakakoi Crater (foreground) and the east end of Kilauea (left background) 
from locality P. Photograph by H. A. Powers, September, 1947. 

PLATE 1B. Remnant of the mantle of 1924 bedded lithic ash, originally plus 5 inches thick, as exposed by 
the small excavation in the foreground. This area is subject to torrential rains, but the absence of an incised 
drainage net indicates that runoff erosion is subordinate in effectiveness to wind planation and undercutting. 
The present surface is planed across the bedding of 1924 ash at a low angle, and a desert pavement of residual 
larger fragments is beginning to accumulate. Photograph by H. A. Powers, September, 1947, at locality M. 

PLATE 1C. Remnant of 1924 ash, originally plus 3 inches thick in this area, showing results of wind ero- 
sion by undercutting along least resistant layers. Most of the remaining patches of the 1924 ash mantle are 
in slight surface depressions where moisture persists longer than on the adjacent slopes, perhaps retarding re- 
moval of the patches by wind erosion. Photograph by H. A. Powers, September, 1947, at locality N. 

PLATE 1D. Keanakakoi formation pyroclastics mantling the inner face of the southwest wall of Kilauea 
Crater exposed by a short inflowing ephemeral stream. The bedded vitric deposits of the third and fourth 
eruptions (lower left) are truncated by an erosion surface equivalent to a good humus layer on the humid 
northeast crater rim. On the unconformity are the bedded vitric deposits of the fifth to the ninth eruptions 
(center and right center). The upper beds represent the seventeenth to 1790 eruptions mantling a major 
erosion surface from which all deposits of the tenth to the sixteenth eruptions have been removed. Photo- 
graph by H. A. Powers, September, 1947, at locality T. 
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PLATE 2A. Northwest wall of Kilauea Crater seen from near Keanakakoi. The Uwekahuna tuff forme: 
was exposed at A, and at present is exposed at C and S. The rim block containing A has slumped a great 
amount from its original elevation than has the rim block containing C and S. Photograph by H. A. Power 
September, 1947. 
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PLATE 2B. Bedded Uwekahuna tuff at locality A buried by the 1919 pahoehoe flow on the crater floor 
which filled against the cliff as high as the dashed line. Vertical solid line indicates the span of a 13-foot sur 
veyor’s rod located against points of the cliff face which have not changed since the photograph was taken by 
lr. A. Jaggar, July, 1913. 





PLATE 2C. Uwekahuna tuff, 314 feet deep, lying on the basal pahoehoe flow exposed in the cliff at S. Bas« 


of tuff is 5 feet above the present crater floor. Inter-eruption surfaces have been spotted on the negative 
Photograph by H. A. Powers, September, 1947. 














PLATE 3A. Kilauea, northwest crater wall, seen from Keanakakoi, in which Uwekahuna tuff crops out a 
few feet above the crater floor between talus fans from C to B. Photograph by H. A. Powers, September, 1947. 





PLATE 3B. Lower mud-cracked stratum retaining human footprints, lying on bedded dune sand about 6 
miles southwest of Kilauea. Photograph of footprints by T. A. Jaggar, July, 1921; of vertical section by H. 
A. Powers, August, 1931. 





PLATE 3C. Upper crusted stratum of stony pisolite retaining human footprints in the same locality. Photo- 
raph by T. A. Jaggar, July, 1921. 





PLATE 3D. Pumice of about 1815 bedded on remnants of 1790 gravel not exceeding an inch in thickness, 
ing on pre-1790 stony pisolite. Below the 12-inch rule is the pisolitic agglomerate of the fifteenth phreatic 
ruption. Photograph by H. A. Powers, September, 1947, at locality W. 





PLATE 4C 
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ing of at least 26 separate explosive eruptions 
of Kilauea. Each eruption appears to have been 
caused either by phreatic or by magmatic ex- 
plosions; no single eruption seems to require 
both phreatic and magmatic explosions to ac- 
count for the lithologic constituents in its de- 
posit. 

The Uwekahuna formation seems to have 
been deposited on the floor and outer slopes 
of an earlier caldera by at least five magmatic 
eruptions separated by appreciable time inter- 
vals. 

The Keanakakoi formation seems to represent 
at least 10 phreatic and 11 magmatic eruptions 
which have occurred since the last major over- 
flows of lava which form the present crater rim. 

Details of distribution of the Keanakakoi 
deposits promise to be useful in working out 
the details of the late structural history of 
Kilauea. For example, the slumped rim blocks 
in the northeast corner carry the thickest deposit 
from eruption number 2-K, suggesting early 
collapse of these blocks; and most of the de- 
posits on Byron’s Ledge are not appreciably 
thicker than those on the adjacent southeast 
rim, which is 100 feet higher. Perhaps this 
indicates a late date for the collapse of Byron’s 
Ledge. 

The study of the early Keanakakoi magmatic 
explosion deposits has a direct bearing on the 
problem of the contribution of the Kilauea 
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summit crater to the older Pahala ash formation 
of Hilina Pali and other areas 10 miles or more 
distant from the summit crater. 


The chronological table of explosive erup- 
tions may conceivably be useful as an actual 
time scale when coupled with results from 
studies of rate of reforestation. The most mature 
forest east and north of Kilauea Iki apparently 
was never killed by any explosive eruption dur- 
ing the Keanakakoi time and thus may repre- 
sent uninterrupted encroachment from the slope 
of Mauna Loa as much as 5 miles distant across 
the surface of the last rim overflow of Kilauea. 
A less mature forest extending from the crater 
rim to about a mile northeast of the rim may 
represent the total development of vegetation 
since the seventeenth eruption, which probably 
killed all vegetation to that distance. The growth 
immediately on the northeast rim may represent 
the recovery from a partial kill of vegetation 
in 1790. 

The general picture sketched in by this study 
suggests these long-period fluctuations in the 
intensity of lava pressure: 


(1) pre-Uwekahuna, high-pressure, dome- 
building phase 

(2) low-pressure collapse and explosive 
eruptions of Uwekahuna tuff 

(3) high-pressure, post-Uwekahuna resump- 
tion of dome-building 








PLATE 4A. Keanakakoi pyroclastics on the outer slope of the southwest Kilauea rim. Deposits of the fif- 
teenth, seventeenth, eighteenth, and 1790 eruptions mantle an erosion surface which truncates beds of the 
fourteenth to the tenth eruptions. The erosion surface marked by the hammer truncates the vitric ash of erup- 
tions earlier than the tenth. Details of the section in upper left center show in Plate 4B, and details of the 
upper beds at the head of the re-entrant behind the figure show in Plate 4C. 

PLATE 4B. Remnants of two layers of 1790 gravels, separated by a depositional break, lie on a desert sur- 
face truncating the stony pisolite of the eighteenth eruption. Erosion surfaces have been emphasized by re- 
touching on the negative. Beds from the seventeenth eruption reach 8 inches in thickness at the right of the 
section and lie on the eroded surface of beds from the fifteenth eruption, the lowest layer which is continuous 
across the face of the section. A lens of pumice from the thirteenth eruption (marked by pocket knife at left) 
lies between remnant patches of beds from the fourteenth and twelfth eruptions. The vitric deposits from the 
third and fourth eruptions lie beneath the horizontal desert surface (not retouched), which extends across 
the photograph just below the grass clump on the right. 

PLATE 4C. Gravel of 1790, from 4 to 6 inches thick, lying on the eroded layer of stony pisolitic mud 
from the eighteenth eruption, originally 3 inches thick in this section. Erosion occurred after consolidation of 
the pisolitic mud, as it truncates the bedding within the layer, and has cut the bed to a remnant 1 inch thick 
in the photograph. Beneath the stony pisolite layer is a desert surface eroded on deposits from the seven- 
teenth eruption about 10 inches thick including the basal layer of coarsest fragments. 

Photographs by H. A. Powers, September, 1947, at locality U. 
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(4) low-pressure collapse of present caldera 
(4) partial collapse and early Keanaka- 

koi magmatic explosions 
(b) severe collapse and phreatic explo- 
sions reaching a maximum in the 
fifteenth and seventeenth eruptions 


(5) possible gradual resumption of high- 
pressure dome-building suggested by the 
important crater-filling activity since 


1790 
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The Origin of the Native Flora of Polynesia’ 


EDWIN BINGHAM COPELAND” 


My INVITATION to this symposium states that 
“It is desirable that a man should report on 
his own research, but no speaker should feel 
confined to this range. What we want is an 
evaluation of recent research in each field as 
it has come from or applies to the Pacific Basin, 
and then the speaker’s own estimate of whither 
this may be leading.” 

My own research has been restricted to the 
ferns. If the Philippines be within the field of 
interest, this research has covered a period of 
44 years. Twenty years ago, on the invitation 
of the Bishop Museum, I prepared and pub- 
lished in their bulletin series a fern flora of 
Fiji. A few years later, I did the same for the 
Society Islands. Comparing these two groups 
of islands, it was evident that their ferns had 
migrated eastward. Their common ferns are 
mostly common farther west, even as far away 
as Malaya, and their endemics are derived from 
these common, wide-ranging species. 

The conclusion that the ferns of Polynesia 
were immigrants from the Malay region was at 
that time almost inevitable. It is old and reason- 
able dogma that evolution, in a large way, takes 
place on continents, and that islands draw thence 
their population. So, Asia, which used to in- 
clude the Sunda Islands, seemed the natural 
source of the flora of the neighboring islands 
to the East—Celebes, and then New Guinea, 
and thence the Solomons, and Polynesia, and 
New Caledonia, and New Zealand. 


This interpretation of nature was supported 
by a mental aberration: The flora of Java was 


* Read by invitation to the Pacific Section, A.A.AS., 
at San Diego, June 17, 1947. 

* Research associate in botany, University of Cali- 
fornia, Berkeley, California. Manuscript received 
April 22, 1948. 


the first in this part of the world to be well 
known, and when we found in the Philippines 
a plant already known in Java, we simply 
assumed Javan origin. We used to speculate 
on the route of immigration, and to be surprised 
that this route seemed to be by Celebes oftener 
than by Borneo. 

There were items which ought to have dis- 
turbed our confidence. For instance, a con- 
siderable number of species in the highland of 
Northern Luzon are common to China and 
even to the Himalayas. On the map, this looks 
like the beginning of a route from the continent 
to Polynesia; and men have migrated eastward 
from the Philippines. But not one of the plants 
in question reaches even to Southern Luzon. 

My eyes were opened when, beginning some 
sixteen years ago, I made a monographic study 
of the family Hymenophyllaceae, the filmy ferns. 
Contrary to anticipation, or even suspicion, 
this study led me unescapably to the conclusion 
that this family is entirely of Antarctic origin. 
I abstain from presenting the detailed evidence 
for this conclusion, because it has already been 
digested and published (Copeland, 1938). It 
is as positive as it will be when illustrated by 
fossil evidence—of which the first item, from 
the island Chiloe, reached me in May of this 
year. 
The Antarctic origin of Hymenophyllaceae 
being positively established, it struck me that 
it would be very strange if some or many other 
ferns did not have a similar history. This was 
already recognized for a few genera and species, 
which were regarded as remarkable in this 
respect. A comprehensive study of distribution 
showed me at once that these were not in 
reality exceptional cases, but were the con- 
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spicuous examples of a general rule—that not 
less than half of all ferns were of Antarctic 
ancestry. Before I was ready to publish, this 
figure grew to three-quarters; and I have more 
recently raised it to 90 per cent. These figures 
apply to the ferns of the world. Except for a 
possible half-dozen Hawaiian species of freak- 
ishly scattered apparent geographic affinity, 
there is not one of the ferns of the Pacific 
islands which I do not now regard as of reason- 
ably direct Antarctic origin. 

Let me presume to hammer this home, be- 
cause, as to the ferns, I speak with some author- 
ity. Contrary to our old ideas, the rich fern 
flora of Malaya was not the source of Poly- 
nesian ferns—not of one Polynesian fern. For 
it to have been so, the sun would have had to 
rise in the west. New Guinea is richer in 
ferns, the richest land in the world, and is the 
immediate source of the most of the ferns of 
the Philippines, Malaya, and southeastern Asia. 
For a brief period, clinging to a fragment of 
earlier prejudice, I pictured Polynesia as like- 
wise populated from New Guinea; but this is 
not so likely. 

Fiji is a plausible center of radiation of 
Polynesian ferns. I do not believe that it re- 
ceived its ferns directly from New Guinea, 
but it may have done so from somewhere along 
the path of northward migration—from the 
general region of the New Hebrides, as a sug- 
gestion. Eastward migration in these latitudes 
is against the prevailing wind and against the 
direction of storms, which explains the rapid 
drop in population from Fiji to Tahiti, and 
eastward in general. 

Only Rapa among oceanic islands shows some 
indication of having any ferns not of ultimate 
New Zealand origin. If Juan Fernandez and 
the Galapagos are included in the subject of 
discussion, their ferns are of either direct 
Antarctic (as to some of the ferns of Juan 
Fernandez), or American origin—ultimately 
Antarctic, but by way of Graham Land and 
Tierra del Fuego. Almost all Hawaiian ferns 
are derived ultimately from New Zealand. 
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So much for the ferns, about which I speak 
from personal knowledge. It is unthinkable 
that what occurred with ferns should not have 
happened with other plants, to the extent that 
there was a source of supply in Antarctica, and 
at least as far as they depend upon the wind 
for dissemination. 

Doctor Hooker’s original postulate of an 
Antarctic origin of austral floras was based on 
his observation of the distribution of flowering 
plants (Hooker, 1860). Skottsberg, 30 years 
ago (1915: 142), published a list of plants 
common to New Zealand and sub-Antarctic 
America, and without a plausible northern 
source. This list includes representatives of 49 
families, including Leguminosae, Compositae, 
Rubiaceae, sedges and grasses. As to the species 
on Skottsberg’s list, Antarctic origin is little less 
than certain. Polynesian plants, even if com- 
mon to New Zealand, were excluded from that 
list. For today’s purposes, they should of course 
be included. If they and their immediate rela- 
tives, presumably of more recent evolution, be 
included, a list thus compiled will include more 
than half of the flowering plants of Polynesia. 
At this point, my conclusion is that all Poly- 
nesian ferns and more than half of Polynesian 
flowering plants are of ultimate Antarctic 
ancestry. 

For the most of the remainder of the flower- 
ing plants, no other ancestry or origin can be 
postulated with greater plausibility. The situa- 
tion as to them is simply that the evidence has 
not yet been discovered, or is not yet digested 
and understood. There are no important 
families of flowering plants except Myrtaceae 
(regarding Proteaceae as relatively unim- 
portant) for which a nearly completely austral 
origin can be affirmed with the same confidence 
as for the ferns. I suspect all Polynesian 
Rubiaceae of Antarctic origin; also, excepting 
a few ubiquists, all Cyperaceae and Gramineae. 


As is true of ferns, the “flowering floras” of 
Polynesia and Malaya have much in common, 
and the time has been when men could conclude 
therefore that the poorer flora of Polynesia was 
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derived from the comparatively rich flora of 
Malaya. Today, it is more generally recognized 
that the better explanation is that the two floras 
have a common origin of their common ele- 
ments, and New Guinea is looked to for the 
common source. But again, taking a lesson 
from the ferns, and bearing in mind the diffi- 
culty of direct eastward migration, it seems 
more reasonable to look for a common outside 
source than to suppose that ome area was 
colonized from the other. To the extent that 
this common flora is of ultimate austral origin, 
it would have had to back-track to the Solomons 
and New Hebrides before entering Polynesia, 
and to do this against the winds and the oceanic 
currents; I cannot believe that on any major 
scale this ever happened. So, of present land 
areas, I regard New Caledonia and the New 
Hebrides as the roughly approximate region 
from which Fiji and thence Polynesia received 
the bulk of their vegetation. 


Some such history as I propose has been re- 
jected by some very respectable authorities. 
Thus Diels, in the Setchell Festschrift (1936: 
191), treating of groups of plants of distinctive- 
ly austral occurrence, wrote that “it is impossible 
to infer that they originated in the south.” 
This is evidently not true, because I do so infer, 
and so have Hooker, and Christ (1910: 248), 
and Skottsberg, and still others. 


More disquieting to me, and not so summarily 
to be dismissed, is Merrill’s recent (1945) 
statement: “It has also been suggested that 
scattered throughout this vast region are cer- 
tain types that were apparently derived from 
ancient Antarctica. But this idea is purely 
theoretical and is one that can scarcely be 
proved.” As I am expounding this theoretical 
and scarcely provable idea, I must of course 
concede that direct proof is impossible. But 
other proof can carry conviction. A frog in the 
milk pail is not direct proof that the milk has 
been diluted. None of us has seen any plant 
emigrate from Antarctica, and no plants are 
now so emigrating. In the absence of direct 
evidence, the indirect evidence by present dis- 
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tribution, coupled with the fact, unknown to 
Hooker and to Christ, that Antarctica was at a 
definite and not too remote past time a fit place 
for plants, is the nearest possible approach to 
direct proof that they did migrate thence, into 
and across temperate lands. 

Although migration from Antarctica has long 
ceased (the last warm era there was Miocene, 
say twenty million years ago), I suppose that 
it goes on now along the old paths where the 
climate now permits. Because Merrill has pro- 
vided dependable figures on the distribution of 
species, I will use them to show how this mi- 
gration seems to have occurred more recently 
in two families, Elaeocarpaceae and Orchidaceae. 

The pertinent figures on the occurrence of 
species of Elaeocarpus are: 


cara 114 
Philippines -............... ‘idiniatatins 49 
EEE 
FD siiarsinineninsnenancniendepinnatacete 18 
New Caledonia 30 
_ _ ERS eer none 12 
I a 6 
III, .chiiacncsnnaunbinernieniiiamntsouns 1 
NII as cccotacedaniubesacticseisvecirbiniel 1 


Merrill concludes, in harmony with general 
practice, that New Guinea is the focus of dis- 
tribution. As to all lands farther west, I read 
his evidence in the same way. As to the rapid 
decrease in number of species from group to 
group in Polynesia, his figures agree with the 
evidence of the ferns in showing the great diffi- 
culty of eastward migration in this region. But 
his figure of 30 species in New Caledonia is 
very significant to me. New Caledonia has one- 
fortieth of the area of New Guinea, but has 
more than one-fourth as many species of 
Elaeocarpus. The winds and the currents are 
always from New Caledonia to New Guinea, 
and I find it hard to doubt that this is the direc- 
tion of migration. The genus is of minor im- 
portance in Polynesia, but what species there 
are seem most probably to have come from the 
west or southwest, not from the northwest, not 
from New Guinea. 
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As to the orchids, now regarded as the largest 
family of plants, Merrill presents these figures 
on the number of species: 


NN IND oi cassassssveckessicnices 2,000 
SINE: Juetiashapinhaviestechionniai 900 
SEE Ghitidihdhiniapninincibeennennmennns 125 
SID daliinienbsiesicmsthiomnemmiadpresides 30 
SINS caciueasdiniiinsinigabibhebiaie 4 
SUN: Geshe shiitinineinin 3 


New Zealand has 66 species, and an old 
figure (Hooker's) for Tasmania is 74—large 
enough to point strongly to Antarctic origin. 

The overwhelming mass of tropical orchids 
are epiphytes. I have compiled no figures, but 
am advised that in the Philippines, and in all 
that part of the world, the ratio of epiphytes 
to terrestrial species is more nearly ten to one 
than five to one. In New Zealand, there are 
7 epiphytes and 59 terrestrial species; in Tas- 
mania, 1 epiphyte and 73 terrestrial species. 
The paucity of epiphytes in the far south may 
be explained by the climate. But Polynesia is 
tropical. Its ratio of epiphytic to terrestrial 
orchids is about three to one—not more than 
half of what should be expected if colonization 
had been from New Guinea. The obvious con- 
clusion seems to be that it was colonized from 
farther south, and that adaptation to tropical 
conditions remains incomplete. 
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Conclusion: The ferns, and a considerable 
part of the flowering plants, of Polynesia are 
of austral origin. As to the bulk of the flower- 
ing plants, I cannot claim, against Merrill's 
recently published judgment, that the presen: 
tendency of thought is in support of my views, 
but have shown that some of his detailed figures 
do support them. 
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NOTES 


On the Herding of Prey and the Schooling of the 
Black Skipjack, Euthynnus yaito Kishinouye 


WHILE PARTICIPATING IN the Bikini Scientific 
Resurvey in the northern Marshall Islands in 
the summer of 1947, the authors observed three 
medium-sized black skipjack (Euthynnus yaito 
Kishinouye) herding a closely packed school 
of several hundred scads (Decapterus sanctae- 
helenae (Cuvier) ) over a large coral head in 
Rongerik lagoon. For fully a 3-hour period the 
aquatic life on and about this coral head was 
studied by use of the skin-diving technique, and 
during this time this unusual group passed back 
and forth frequently, apparently unconcerned 
about our presence. Since Kishinouye’s reference 
to such herding activity by tuna (Tokyo Imp. 
Univ., Col. Agr. Jour. 8(3): 382, 459, 1923) 
is couched in generalities, and since our ob- 
servations on the black skipjack are contrary to 
statements made by this author, we place these 
underwater observations on record to clarify 
several moot points in the feeding and schooling 
habits of this species. 

The predilection of these pelagic fish for this 
coral head is understandable on the basis of the 
part such coral heads play in the general eco- 
logical features of a lagoon in the Marshalls. 
The coral head, typical of many, rose about 75 
feet from the lagoon floor to approximately 25 
feet below the surface of the water. It was 
roughly circular, about 75 yards across, with a 
rather steep talus slope forming its sides. The 
surface of the mound was covered with sand and 
larger coral fragments, interspersed with groups 
of living corals of numerous species and sparse 
patches of algae. Ecologically such coral heads 
seem to occupy a physical niche comparable to 
an oasis on land, as each supports a more 
luxuriant growth of organisms than does the 
surrounding terrain. Numerous species of com- 
mon coral fish, several medium-sized carnivorous 
fish, and many plankton-feeding fish habitually 
remain on and about these mounds. Thus the 
elements essential to food chains are more or 
less isolated in the vicinity of these coral heads, 
and there both scads and some species of tuna 


habitually forage. The fact that these condi- 
tions prevail afforded us an opportunity for re- 
peated observations upon these pelagic species 
from a unique vantage point. 

The three tuna usually followed the school of 
scads rather closely, with one tuna at each rear 
flank of the school and the third lagging behind 
them. Now and then the scads would turn off 
to one side, at which time the tuna on that side 
would move forward swiftly and herd them 
back into line. It became obvious that the school 
of scads was prevented from leaving the area 
over the top of the coral head, being herded back 
whenever it moved over deep water. On one 
occasion a laggard scad was swiftly picked off by 
the rearmost black skipjack; however, except for 
this incident the tuna made no attempt to prey 
upon the scads during our period of observa- 
tion. Scads are uncommon in the lagoons in the 
northern Marshalls and probably do not consti- 
tute a large proportion of the diet of this species 
of tuna. Studies made by Jack Marr and Os- 
good Smith of the U. S. Fish and Wildlife Serv- 
ice (unpublished data) on the food habits of 
33 black skipjack caught outside of the lagoons 
failed to show any scads in the diet of this 
species. Scads were most frequently encountered 
in the stomachs of the dog-tooth tuna (Gymno- 
sarda nuda Kishinouye) which ranges in the 
same area. 

In his report on tuna herding prey, Kishi- 
nouye (op. cit. 382) states: “Bonitos, except 
Euthynnus yaito, are said to be very clever in 
making a school of small fish very dense, by 
swimming around the school of the victims, and 
devouring stray or forlorn individuals gradually. 
On the contrary, tunnies and seerfishes swim 
into a school of victims, and disperse them. The 
feeding of fish seems not always the same 
throughout the year. The striped bonito is said 
to decline to take bait in certain seasons, gen- 
erally in midsummer.” In his discussion of the 
food and feeding habits of the black skipjack, 
Kishinouye (op. cit.: 459) says that the species 
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is voracious and that it feeds primarily on small 
fish and medium-sized plankton. He also de- 
scribes their feeding method, whereby they dart 
swiftly into a school of small fish and scatter 
them in the same manner as do the pelamids 
and tunas. Our observations on the feeding 
methods of the black skipjack certainly do not 
coincide with those set forth by Kishinouye. 
However, it is entirely possible, as he states, that 
the feeding habits of the black skipjack may 
vary throughout the year. Undoubtedly their 
habits vary depending upon the type of food 
available at any particular time of the year. 
Kishinouye also implies that Euthynnus yaito 
is usually a solitary fish and is not found in 
schools. Schools of this species, ranging from a 
few fish to many hundreds or even thousands of 
individuals, are often seen around the Hawaiian 
Islands throughout the year; and, during the 
summers of 1946 and 1947, very large schools 
of this species were common in the northern 
Marshalls. It is quite likely that such schools 
exist in the Marshalls throughout the year; 
except for the summer months, however, no 
observations have been made. Chapman 
(Calif. Fish and Game, 32(4): 165-170, 1946) 
states that black skipjack were present in large 
schools at Midway Island, Johnston Island, and 
Palmyra Island in the fall of 1943. Most of the 
observations reported by Kishinouye were made 
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at the periphery of the range of Euthynnu; 
yaito; in this region smaller schools and perhaps 
even solitary individuals would more or less b« 
expected. 

The only observations on the herding of prey 
by fish other than the tuna or tuna-like fish were 
reported by Gudger (Carnegie Inst. Wash, 
Pub. 252: 75-76, 1918), who cites three in- 
stances involving the great barracuda, Sphyraena 
barracuda (Walbaum). In each case only a 
single barracuda was concerned; but since this 
species is rather solitary, it would have been 
rare indeed to see it engaged in a co-operative 
effort. In two cases the prey was herded into 
very shallow water; in the other instance the 
small fish remained around piles and swam 
among the rocks, not attempting to escape. In 
none of these observations on barracuda did the 
process of herding seem to be so well defined 
or so efficiently accomplished as it was in the re- 
lationship of the black skipjack to the scads. 
Of great significance was the fact that these skip- 
jack were engaged in a co-operative effort.— 
Robert W. Hiatt, Department of Zoology and 
Entomology, University of Hawaii, and Vernon 
E. Brock, Division of Fish and Game, Territorial 
Board of Agriculture and Forestry, Honolulu, 
Hawaii. Published by permission of Chief of 
Staff, Armed Forces Special Weapons Project, 
National Military Establishment. 


An Addition to the Fish Fauna of the Hawaiian Islands 


SPENCER TINKER, Director of the Waikiki 
Aquarium, called the writer’s attention to a large 
and showy chaetodontid which he had added to 
the aquarium collection as a species unknown 
to him and to local fishermen. This species was 
readily identified as Pomacanthodes imperator 
(Bloch), heretofore not reported from Hawai- 
ian waters. P. imperator is a reef dweller char- 
acteristic of the Indo-Australian faunal region 
of which Hawaii stands as the northeastern 
frontier; hence, upon faunal grounds, the occur- 
rence of the species in Hawaii is not inexpli- 
cable. However, in view of the intensive shoal 
water fisheries in the Hawaiian area together 


with the volume of ichthyological collecting and 
observing that have occurred here in the past, it 
would appear that the species is very rare in 
local waters. 

This specimen, 198 mm. in total length, was 
taken on January 10, 1948, in 15 fathoms of 
water by a trap fisherman off Ewa, Oahu. The 
fish, which was injured in the trap, died on 
January 13, 1948, and is presently preserved in 
the fish collection at the University of Hawaii 
Marine Laboratory at Waikiki. — Vernon E. 
Brock, Director, Division of Fish and Game, 
Territorial Board of Agriculture and Forestry, 
Honolulu, Hawaii. 
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United States Committee on the Oceanography of the Pacific 


THE FIRST MEETING of the United States Com- 
mittee on the Oceanography of the Pacific was 
held on June 19 and 20, 1948, at the California 
Academy of Sciences, San Francisco, California. 
This committee was established in 1947 by the 
National Research Council through the Pacific 
Science Board to replace the former American 
National Committee on the Oceanography of 
the Pacific. Members of the reconstituted com- 
mittee are Thomas G. Thompson (chairman), 
Director of the Oceanographic Laboratories, 
University of Washington; Richard H. Fleming, 
Chief, Oceanographic Division, Hydrographic 
Office, Department of the Navy, Washington, 
D.C.; Robert C. Miller, Director, California 
Academy of Sciences, San Francisco; Charles J. 
Fish, Supervisor, Pacific Oceanic Biology Project, 
Oceanographic Institution, Woods Hole; Oscar 
E. Sette, Director, Pacific Oceanic Fishery In- 
vestigation, U. S. Fish and Wildlife Service, 
University of Hawaii, Honolulu; Roger Revelle, 
Associate Director, Scripps Institution of 
Oceanography, La Jolla; and Robert W. Hiatt, 
Chairman, Department of Zoology and Ento- 
mology, University of Hawaii, Honolulu. Har- 
old J. Coolidge, Executive Secretary of the 
Pacific Science Board, met with the Committee. 

The organization of American participation 
in oceanography and marine biology at the 
Seventh Pacific Science Congress to be held in 
New Zealand during February, 1949, occupied 
most of the agenda. It was decided that presen- 
tations at the Congress should be classified in 
three categories: (1) over-all reports covering 
the decade since the last Congress, (2) local 
regional programs, and (3) the high seas Pa- 
cific Basin program. Suitable titles covering 
these phases were formulated and scientists ac- 
tive in the various fields were asked to prepare 
papers for presentation at New Zealand. Two 
symposia, one concerning conservation of ma- 
rine resources and the other involving marine 
biogeographical provinces in the Pacific Basin, 
were recommended for inclusion in the pro- 
gram. 

A second topic on the agenda dealt with the 
need for standardization of gear and methods, 
and methods and arrangements for correlation 
and integration of programs involving the 
oceanography of the North Pacific Basin. Since 


the absence of Japanese scientists from the New 
Zealand Congress precludes the possibility of 
considering these items in detail, it was deemed 
advisable to hold a conference on this subject 
after the Congress at a time when investigators 
from all nations who would participate in 
oceanographic research in the North Pacific 
Basin would be able to attend. A subcommittee 
composed of Charles J. Fish (chairman), Robert 
W. Hiatt, and William C. Herrington was ap- 
pointed to consider the matter. 

Continuation of the work between Congresses 
was considered highly desirable, and to this end 
a recommendation will be made to the Science 
Congress that each country appoint a represen- 
tative to serve as a member of a “Standing 
Committee on Oceanography.” It is hoped that 
implementation of suggestions for co-ordinated 
work made at each Congress will be facilitated 
through such special channels. 

A special report by R. W. Hiatt on the de- 
velopment of the Hawaiian oceanographig re- 
search and training program in relation to the 
establishment of the Hawaii Marine Laboratory 
and the initiation of the vast program of re- 
search on tunas undertaken by the U. S. Fish and 
Wildlife Service was presented. Plans have been 
formulated or are being formulated for co- 
operation with several mainland institutions in- 
cluding the University of California and the 
Woods Hole Oceanographic Institution. C. J. 
Fish reported on the progress of the Pacific 
Oceanic Biology Project which was created by 
the Office of Naval Research upon recommen- 
dation of the Pacific Science Conference and is 
being carried out under contract with the Woods 
Hole Oceanographic Institution. Plans being 
developed for continuation after September, 
1948, emphasize training of oceanic biologists 
who are needed before field work can begin. 
Arrangements have been made with Rhode 
Island State College and its Narragansett Ma- 
rine Laboratory to provide academic training 
and field experience for graduate students prior 
to their assignment for study under specialists 
at Woods Hole. Close co-operation with the 
U. S. Fish and Wildlife Service and the Ha- 
waiian training program will be maintained — 
R.W.H. 





300 





PACIFIC SCIENCE, Vol. II, October, 1948 


The Pacific Oceanic Fishery Investigation 


ON JULY 1, 1948, the sum of $1,000,000 be- 
came available to the U. S. Fish and Wildlife 
Service, through Congressional appropriation. 
This sum will implement H.R. 859 (known 
widely as the Farrington Fisheries Program) 
which provides “. . . for the exploration, investi- 
gation, development and maintenance of the 
fishing resources; and development of the high 
seas fishing industry of the territories and island 
possessions of the United States in the tropical 
and subtropical Pacific Ocean and intervening 
seas.” The bill authorizes the U. S. Fish and 
Wildlife Service to secure laboratories, vessels, 
and personnel to investigate the biologic, tech- 
nologic, and economic problems concerning the 
tunas and tuna-like fishes. Oscar E. Sette, for- 
mer Chief, South Pacific Investigations of the 
U. S. Fish and Wildlife Service with headquar- 
ters at Stanford University, has been appointed 


director of this vast program. A new laboratory 
and administrative headquarters will be con- 
structed on the campus of the University of 
Hawaii. Berthing facilities and warehouse space 
have been secured at Pearl Harbor. Although 
plans have not been completely formulated at 
this writing, an extensive oceanographic in- 
vestigation will parallel the fishing operations. 
Additional personnel in the fields of ichthyology 
and fisheries biology have been added to the 
University staff to provide undergraduate and 
graduate curriculums designed to train ichthy- 
ologists, fisheries biologists, and oceanographers 
for work of this type in the Pacific. Close co- 
operation between the staff of the Fish and 
Wildlife Service laboratory and the staff of the 
University will be maintained to provide the 
best theoretical and applied training for stu- 
dents at all academic levels —R.W.H. 


Western Regional Conference for UNESCO 


THE REGIONAL CONFERENCE for UNESCO 
(United Nations Educational, Scientific and Cul- 
tural Organization) held at San Francisco, May 
13-15, 1948, was attended by nearly 3,000 dele- 
gates from eight western states, Hawaii, and 
Alaska. The delegates represented many dif- 
ferent types of organizations. Some, probably a 
small minority, were delegates from states or 
territories and represented the local chapters of 
national scientific organizations by request of 
the national officers. 

At the opening plenary session the aim of 
UNESCO was stated to be the prevention of 
war. A great many scientists in attendance were 
- startled by the abruptness and simplicity of this 
statement. Many delegates, acquainted with 
some of the work already done by UNESCO in 
aiding the restoration of libraries, exchange of 


technical and cultural literature, and the like, 
had conceived UNESCO to be a specialized seg- 
ment in the United Nations pattern but were 
not prepared for the phraseology of wide, popu- 
lar appeal, nor for the subsequent extremely 
general discussions, dealing with various aspects 
of internationalism in relation to people, which 
were lacking in any working approach to the 
business of particular fields of endeavor on the 
international level. 

While it was for many scientists a stimulating 
experience to attend such a meeting as citizens, 
it may well be queried to what extent represen- 
tation from various specialized scientific or- 
ganizations will be sustained unless some pre- 
pared opportunity is afforded for conferences 
on problems of international scientific liaison 
and collaboration—C.K.W. 
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News Notes 


The Pacific War Memorial announces the 
establishment of a Memorial Research Field Sta- 
tion on Koror Island, Palau Archipelago. The 
former Japanese meteorological station has-been 
turned over to the Memorial by the Navy De- 
partment. This building is of poured concrete, 
with a penthouse. Electric power is available. 

The Memorial is anxious to make the facil- 
ities available for use by qualified scientists as 
soon as possible. By agreement with the War 
Memorial the Navy Department will provide 
transportation for qualified Pacific War Memo- 
rial personnel. 

Inquiries concerning use of the station should 
be addressed to: Pacific War Memorial, 44 
West 50th Street, New York, N.Y. 

* * * 


Insects of Hawaii.—This inclusive treatment 
of the insect fauna of the Hawaiian Archipelago 
is being written by Elwood C. Zimmerman, As- 
sociate Entomologist, Experiment Station, Ha- 
waiian Sugar Planters’ Association, and Curator 
of Entomology, Bernice P: Bishop Museum, 
Honolulu. The first five volumes of a probable 


12 to 15 total have been completed. Volume 1 
was released July 27, the remaining four volumes 
will be available during the summer and fall. 
While this is a treatment of the insects of Ha- 
waii, it will be extremely useful throughout the 
entire Pacific Area. 


Volume 1, which is introductory, covers the 
geological history of the Archipelago and va- 
rious phases of the origin and development of 
the endemic fauna and flora. The remaining 
volumes are devoted exclusively to discussion 
of the Insecta. The groups covered in these 
volumes are: 


Vol. 2. Apterygota—Thysanoptera 
Vol. 3. Heteroptera 

Vol. 4. Homoptera: Auchenorhyncha 
Vol. 5. Homoptera: Sternorhyncha 


ELwoop C. ZIMMERMAN, Insects of Hawaii. Pub- 
lished by the University of Hawaii Press. Price per 
set, paper, $24.00. May also be purchased as single 
volumes: Vol. 1, $3.50; Vol. 2, $5.50; Vol. 3, 
$4.50; Vol. 4, $4.50; Vol. 5, $6.00. Orders may 
be sent to University of Hawaii Press, P. O. Box 18, 
Honolulu 10, Hawaii. r 
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Acalypha grandis vat. genuina, 102, 111 
Acanthaceae, 112 
Acanthoclinus quadridactylus, 130 
Acridotheres tristis, 62 
Acrocirrus, 38 
crassifilis, 38 
frontifilis, 38 
heterochaetus, 8, 38-39, 40 
muroranensis, 38 
uchidai, 38 
validus, 38 
Addition to the Fish Fauna of the Hawaiian 
Islands (Note), 298 
Additions to Galapagos Fungi, 71-77 
Agardhiella Coulteri, 141 
Agonostomus forsteri, 128, 129 
Alaska King Crab Investigation, 3 
Alaska, polychaetous annelids of, 3-58 
Alaskan king crab, 14 
Alaskan Salmon Commission (1903), 3, 4 
Alauda arvensis, 63 
albatross, black-footed, 132 
Laysan, 66, 132 
“Albatross” Expedition (American, 1902-1903), 
3,4, 79, 274 
“Albatross” Expedition (Swedish, 1947-1948), 
67, 231-238 
albatrosses, interbreeding of, 132 
Alciopidae, 6 
algae, marine, 140-141, 178 
ALICATA, JOSEPH E.: 
Observations on Parasites of Domestic Animals 
in Micronesia, 65—66 
Alitta, 4 
brandti, 25 
Allan Hancock Foundation, 3 
Allophylus timorensis, 102, 111 
Amage anops, 8 
Amandava amandava, 59 
Amaryllidaceae, 108 
Amblyomma cyprium, 65 
Ammotrypane aulogaster, 8 
Amoebotaenia sphenoides, 66 
Ampharete arctica, 9 
brevibranchiata, 9 
eupalea,9 
erubei, 9, 43 
johansent, 9 
reducta, 9 
Ampharetidae, 8, 43 
Amphicteis alaskensis, 9, 43 
glabra,9 
Amphictene auricoma, 8 
Amphinomidae, 11 
Amphitrite cirrata, 9, 43-44 
infundibulum, 47 
palmata, 43, 44 
radiata, 43, 44 
robusta, 44 
spiralis, 44 
Anaitides, 4, 19-20 
citrina, 6, 19-20 
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groenlandica, 6, 19 
medipapillata, 6 
mucosa, 6,19 
Anas boschas a. Freycineti, 121 
laysanensis, 123 
oustaleti, 121-124 
’ platyrbynchos, 121-124 
poecilorhyncha, 121-124 
pelewensis, 122 
superciliosa, 121-124 
wyvilliana, 123 
Anaspio boreus, 8 
Ancylostoma caninum, 66 
andesite line, 216-218, 220-222 
Anelassorhynchus, 274, 277 
inanensis, 275 
porcellus, n. sp., 274-277 
Angiopteridaceae, 272 
Angiopteris Beecheyana, 272 
evecta, 272 
animals, domestic, in Micronesia, parasites of, 
65-66 
annelids, 
list of species known from Alaska, 6-9 
new species of, 17, 23, 26, 30, 33, 37 
polychaetous, of Alaska, 3-58 
Anthopleura xanthogrammica, 196 
Antinoé macrolepida, 6 
sarsi, 6 
Antinoella, 6 
Aphrodita cirrhosa, 14 
japonica, 6, 11 
minuta, 15 
Aphroditidae, 6, 11 
Apistobranchidae, 11 
Apocynaceae, 112 
Araceae, 107-108 
Arabellidae, 7, 29 
ARCHEY, GILBERT: 
The Seventh Pacific Science Congress, 225-226 
Arctonoé fragilis, 11 
pulchra, 6 
vittata, 4, 6, 11-12 
Arcyria cinerea, 72 
Arenicola glacialis, 4, 8 
pusilla, 8,39 
Arenicolidae, 8, 39 
Arhynchite, 277 
Aricia arctica, 4 
Aricidea heteroseta, n. sp., 7, 33, 36 
Armandia bioculata, 8, 39-40 
brevis, 8, 39 
Arripis trutta, 128, 129 
Artocarpus altilis, 109, 110 
communis, 109,110 
heterophylla, 110 
hirsuta, 110 
incisus, 102, 109-110 
integrifolia, 110 
Jaca, 110 
Philippensis, 110 
Asclepiadaceae, 112 
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Asclepias curassavica, 104, 112 
Ascomycetes, 73-74 
Ascophanus argenteus, 73 
carneus, 73 
Asio flammeus sandwichensis, 61 
Aspetira modesta, 4 
Asplenium nidus, 100, 106 
Astacus europeus, 155 
fluviatilis, 147, 155 
Asychis lacera, new comb., 8, 42 
similis, 8 
Autolytus alexandri, 6 
magnus, 6, 24 
prismaticus, 6 
autopasy, 187-191 
autophagy, 187-191 
autotilly, 187-191 
autotomy, 187-191 
Auxis, 262, 266-271 
bisus, 270 
hira, 269, 270 
maru, 269 
thazard, 262-271 
avian diseases, effect on avifauna, 61 
avian introductions in Hawaii, 59-64 
avian malaria, 61 


Badhamia affinis, 72 
gracilis, 72 
Balanus glandula, 152 
barnacles, lepadid, 80 
barracouta, 128, 130 
Barringtonia asiatica, 103, 111 
Basidiomycetes, 74—75 
bauxite, on Truk, 223-224 
Bikini Scientific Resurvey, 297 
Biology of the Lined Shore Crab, Pachygrapsus 
crassipes Randall, 135-213 
Introduction, 135-136 
Taxonomy, 136-138 
Synonymy, 136-137 
Systematic Position, 137 
Description, 137 
Type Locality, 137-138 
Distribution, 138-146 
Geographical Distribution, 138-140 
Habitat and Ecological Niche, 140-146 
Sex Ratio, 146 
Intermolt Cycle, 146-154 
Period A, 150-151 
Period B, 151 
Period C, 151-152 
Period D, 152-153 
Ecdysis and Associated Phenomena, 154—168 
Exuviation, 155-161 
Seasonal Exuvial Periodicity, 161-164 
Exuvial Frequency, 164-165 
Age, 165-168 
General Habits and Behavior, 168-187 
Visual, Chemical, and Tactile Senses, 
168-177 
Locomotion, 177-178 
Food and Feeding Habits, 178-179 
Use of Chelipeds, 179-181 
Activity Under Varied External Conditions, 
181-182 
The Influence of the Ocean on P. crassipes, 
182-184 
Relationship of P. crassipes to Certain 
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Other Species in the High Littoral Zore, 
184-185 
Precocious Young, 185-186 
Intraspecific Territoriality, 186-187 
Defensive Mutilation and Regeneration, 
187-196 
Defensive Mutilation, 187-191 
Regeneration, 191-196 
Predaceous and Parasitic Enemies of 
P. crassipes, 196-197 
Reproduction, 197-205 
Sexual Dimorphism and External Genitalia, 
197 
Age and Size at Sexual Maturity, 197-198 
Copulation and Impregnation, 198-200 
Extrusion and Incubation of Ova, 200-204 
Hatching and Subsequent Growth, 204-205 
Transitional Position of P. crassipes between a 
Littoral and Terrestrial Existence, 205-208 
Summary, 208-210 
References, 210-213 
“Bird Dog,” weather ship, 92-93 
birds, introduction into Hawaii, 59-64 
Blarina brevicauda brevicauda, 240 
blennoid fish, new species of, 125-127 
Bonelliidae, 275 
booby, red-footed, 66 
Boophilus annulatus australis, 65 
Boraginaceae, 112 
Botany: 
Additions to Galapagos Fungi, 71-77 
New Fern from Rota, Mariana Islands, 214-215 
Origin of the Native Flora of Polynesia, 
293-296 
Plant Records from the Caroline Islands, 
Micronesia, 272—273 
Report on the Flora of Pingelap Atoll, 96-113 
bovine piroplasmosis, 65 
Brada granulata, 4, 8, 41 
pilosa, 4 
villosa, 8 
BRIDGE, JOSIAH: 
A Restudy of the Reported Occurrence of Schist 
on Truk, Eastern Caroline Islands, 216-222 
On the Occurrence of Bauxite on Truk, 223-224 
BROCK, VERNON E.: 
An Addition to the Fish Fauna of the Hawaiian 
Islands (Note), 298 
A New Blennoid Fish from Hawaii, 125-127 
The Poisoning of Bufo marinus by the Flowers 
of the Strychnine Tree (Note), 132 
BROCK, VERNON E., and ROBERT W. HIATT: 
On the Herding of Prey and the Schooling of the 
Black Skipjack, Euthynnus yaito Kishinouye 
(Note) , 297-298 
Bryophyllum pinnatum, 102, 111 
Bufo marinus, poisoning of, 132 
Bunodactis elegantissima, 196 
Bursera graveolens, 71, 72, 73, 74, 75 
BUSHNELL, O. A.: : 
A List of Scientific Institutions in the Pacific 
Area, 243-261 
Buteo solitarius, 61 


Callianassa californiensis, 136 

Callicarpa cana, 273 

Callinectes sapidus, 136, 155, 157, 163, 168, 201 
Callizona angelini, 

Calophyllum Inophyllum, 103, 111 
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Calorhynchus mili, 128 
Cancer antennarius, 145, 195 
magister, 136, 145, 163, 168, 177, 195 
pagurus, 135, 147, 148, 155, 157, 163, 201 
productus, 195 
cannibalism (among crabs), 179, 191 
Cantherines scaber, 130 
Capitella capitata, 8, 41 
filiformis, 41 
Capitellidae, 8, 41 
Capparidaceae, 273 
Capparis cordifolia, 273 
Carcinides maenas, 136, 148, 168, 172, 176, 177, 
183, 198 
Carica Papaya, 103, 111 
Caricaceae, 111 
Caroline Islands, 96-113, 216-222, 223-224, 
272-273 
Kusaie, plant records from, 272—273 
Palau, plant records from, 273 
Pingelap, flora of, 96-113 
Truk, bauxite on, 223-224 
Truk, bauxite occurrence of schist on, 216-222 
Carpodacus mexicanus, 59, 63 
Castalia multipapillata, 4 
Castronodus strassenit, 242 
cattle, in Micronesia, parasites of, 65 
Central America, juvenile Euthynnus lineatus and 
Auxis thazard off, 262-271 
yellowfin tuna off, 114-120 
Ceodes umbellifera, 102, 110 
Ceratonereis, 5 
paucidentata, 5,7 
Chaetochloa, 74 
Chaetopteridae, 8, 37 
Chaetopterus sp., 37 
variopedatus, 8 
“Challenger” Expedition, 231 
Cheilonereis cyclurus, 7, 25 
Chelidonichthys kumu, 130 
chickens, in Micronesia, parasites of, 66 
Chitinopoma, emended genus, 48—50 
fabricii, 48 
groenlandica, 48, 51 
occidentalis, new comb., 9, 48-51 
Chone gracilis, 9 
infundibuliformis, 9 
sp., 47 
Chronology of the Explosive Eruptions of 
Kilauea, 278-292 
Chrysopetalidae, 6, 15 
Cirratulidae, 8, 37-39 
Cirratulus borealis, 4 
cingulatus, 37 
cirratus, 4, 8, 37 
robustus, 8 
Cistenides brevicoma, 4, 8 
granulata, 8 
hyperborea, 4,8 
Cladophora graminea, 141 
sp., 141 
Clastoderina Debaryanum, 72 
Clerodendrum inerme, 104, 112, 273 
Clymenella tentaculata, 8 
Cocos nucifera, 98, 101, 107 
Coelorhynchus australis, 129 
Colocasia esculenta, 98, 99 
var. antiquorum, 101, 107 
Colubrina asiatica, 273 





Comatricha elegans, 72 
Combretaceae, 112 
Compositae, 112 
Congiopodus leucopaecilus, 130 
Conservation in U. S. Trust Territory of the 
Pacific (Note), 228 
continental boundary lines, 217-218, 220-222 
control of avian introductions, proposed plan for, 
63-64 
convective storms, 83 
COPELAND, EDWIN BINGHAM: 
The Origin of the Native Flora of Polynesia, 
293-296 
Coprinus sp., 75 
Corallina officinalis, 141 
Cordyline terminalis, 272 
core samplers, 231 
crab, deep-sea, 79-80 
lined shore, biology of, 135-213 
Crangon californiensis, 164 
Crassulaceae, 111 
Cribraria languescens, 72 
violacea, 72 
Crinum asiaticum, 101, 108 
Crocidura sp., 240 
Crucigera formosa, 47 
wrregularis, 9, 48 
zygophora, 9, 47-48 
crustacea, rare Hawaiian, 78-80 
Cryptonota, 15 
Cryptopleura lobulifera, 141 
violacea, 141 
Ctenocephalides felis, 66 
Ctenodrilidae, 11 
Curvularia sp., 75 
Cyathea affinis, 272 
nigricans, 272 
Cyatheaceae, 272 
Cyclograpsus punctatus, 136, 155, 156, 161, 163, 
168, 198, 199 
C yclosorus dentatus, 214 
interruptus, 214 
Cyperaceae, 107 
Cyperus javanicus, 100, 107 
Cyrtosperma Chamissonis, 98, 99, 101, 107-108 


Dactylopagrus macropterus, 130 
decapod crustacea, records of, in Hawaii, 78-80 
Decapterus sanctae-helenae, 297-298 
Demonax, 45 
Derris trifoliata, 102, 111 
Dexiospira spirillum, 51 
Diomedia immutabilis, 66, 132 
nigripes, 132 
Dioscoreaceae, 108, 272 
Dioscorea ?korrorensis, 108, 272 
sp., 101 
Diplocrepis puniceus, 130 
Dipylidium sp., 66 
Disomidae, 11 
Diurnal Weather Patterns on Oahu and Lanai, 
Hawaii, 81-95 
dogs, in Micronesia, parasites of, 66 
domestic animals of er ey of, 65-66 
Dorvillea pseudorubrovittata, 7, 29-30 
Dorvilleidae, 7 
Drilonereis filum, 7 
nuda, 7,29 


echinoderms, 11 
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Echinostelium minutum, 72 
Echiuridae, key to, 277 
echiuroid worms, 274—277 
Echiuroidea, 275 
Echiurus, 277 
Egregia Menziesti, 141 
Elaeocarpaceae, 295 
Elaeocarpus, 295 
Endocladia muricata, 141 
Enipo cirrata, 6 
Enteromorpha sp., 141 
Eragrostis amabilis, 100, 107 
Eriocheir japonicus, 139 
Eteone californica, 6, 19, 20-21 

spetsbergensis, 6, 20 
ethnobotany, of Pingelap Atoll, 99-106 
Euchone analis, 9 
Eudistylia polymorpha, 4, 9 

tenella, 9 

vancouveri, 4,9 
Eulalia viridis, 6, 20 
Eulamia brachyurus, 128 
Eunice longicirrata, 7 
Eunicidae, 7 
Eunoé, 4, 14 

barbata, 6 

depressa, 6,14 

nodosa, 6 

senta, 6 

truncata, 4 
Euphorbia Atoto, 102, 111 
Euphorbiaceae, 111 
Eupbrosine arctia, 6 

bicirrata, 6 

heterobranchia, 6 

hortensis, 6 

multibranchiata, 6 
Euphrosinidae, 6 
Euphrosyne multibranchiata, 5 
Eupolymnia crescentis, 9, 44 

heterobranchia, 9 

nesidensis japonica, 9 
Euthynnus, 262, 263, 265, 266, 267, 268, 270 

alliteratus, 266 

lineatus, 262-271 

yaito, 262, 265, 297-298 
Evarne triannulata, 13 
Evarnella triannulata, 6, 13 
explosive eruptions of Kilauea, 278-292 


Farrington Fisheries Program, 300 
Fasciola hepatica, 65 
fern, new species from Rota, 214-215 
ferns, 293-296 
Ficus sp., 102, 110 
Fiji, mynah bird in, 62 
Fimbristylis cymosa, 101, 107 
fish, blennoid, new species of, 125—127 
FISHER, HARVEY L.: 
Interbreeding of Laysan and Black-footed 
Albatrosses (Note), 132 
Laysan Albatross Nesting on Moku Manu Islet, 
off Oahu, T. H., 66 
The — of Avian Introductions in Hawaii, 
59— 
FISHER, WALTER K.: 
A New Echiuroid Worm from the Hawaiian 
Islands and a Key to the Genera of Echiuridae, 
274-277 
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fisheries program in the Pacific, 300 

Fishes Taken in Wellington Harbour (Note), 
128—130 

Flabelligera infundibularis, 8, 40 

Flabelligeridae, 8, 40 

fleas, 66 

flukes, liver, 65 

flora, of Caroline Islands, Micronesia, 272—273 
of Pingelap, 96-113 
of Polynesia, 293-296 

Fossaria ollula, 65 

Freycinetia ponapensis, 272 

Fucus furcatus, 141 

Fulbright Act, further information on, 226-227 

Fungi Imperfecti, 75—77 

fungi, of Galapagos Islands, 71-77 


Galapagos Islands, fungi of, 71-77 
Gastroclonium Coulteri, 141 
Gattyana amondseni, 6 
ciliata, 4,6 
cirrosa, 6,14 
iphionelloides, 6,14 
imbricata, 6 
senta, 4 
Gelidium sp., 141 
Geology: 
A Chronology of the Explosive Eruptions of 
Kilauea, 278-292 
A Restudy of the Reported Occurrence of Schist 
on Truk, Eastern Caroline Islands, 216-222 
On the Occurrence of Bauxite on Truk (Note), 
223-224 
Transfer of the Hawaiian Volcano Observatory 
(Note), 131 
Geophysical Abstracts, note on, 228 
Geotria australis, 128 
Gigartina corymbifera, 141 
Harveyana, 141 
leptorhynchos, 141 
Gloniopsis somala, 73 
sp., 73,76 
Glycera capitata, 7, 28 
Glyceridae, 7, 28-29 
Glycinde picta, 7, 29 
wireni, 7 
Gnathophyllidae, 79 
Goniada annulata, 7 
maculata, 7 
Goniadidae, 7 
Gonorhynchus gonorhynchus, 128 
Goodeniaceae, 112 
Gramineae, 107 
Grapsus, 207 
eydouxi, 136, 137, 138 
Grateloupia Setchelii, 141 
Guam, 65-66 
Guettarda speciosa, 104, 112 
Guttiferae, 111 
Gymnosarda nuda, 297 


Haliotis rufescens, 172 
Halosydna brevisetosa, 4, 6, 12 
Halosydnoides vittata, 11 
Haploscoloplos, key to genus, 30 
Haploscoloplos alaskensis, n. sp., 7, 30-32 
elongata, 7,30 
panamensis, 32 
sp., 30-32 
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Harmothoé aspera, 5 
hirsuta, 6 
imbricata, 4, 6, 13 
iphionelloides, 14 
triannulata, 13 
truncata, 13 
tuta, 13 
Harriman Alaska Expedition (1899), 4 
HARTMAN, OLGA: 
The Polychaetous Annelids of Alaska, 3—58 
Hawaii: 
decapod crustacea, records of, 78-80 
explosive eruptions of Kilauea, 278-292 
Laysan albatross nesting in, 66 
new blennoid fish from, 125-127 
new echiuroid worm from, 274-277 
question of avian introductions into, 59-64 
weather patterns in, 81-95 
Hawaii Marine Laboratory, oceanographic program 
of, 67-68, 299 
Hawaiian crustacea, records of, 78-80 
Hawaiian Volcano Observatory, transfer of, 131 
Hedyotis albido-punctata, 273 
Helicosporium aureum, 75 
guianensis, 75 
Hemerocoetes waitei, 130 
Hemigrapsus nudus, 141, 143, 144, 145, 146, 165, 
166, 177, 178, 179, 184, 185, 186, 187, 204, 
205, 206, 207, 208 
oregonensis, 141, 142, 143, 144, 145, 146, 165, 
166, 185, 186, 187, 204, 205, 207, 208 
Hemipodus borealis, 7, 28 
Hermadion, 4, 14 
truncata, 6, 14 
Herpestes sp., 61 
Hesionidae, 6 
Heterakis gallinae, 66 
lingnanensis, 66 
Heteromastus filiformis, 8, 41 
Heteropale bellis, 15 
HIATT, ROBERT W.: 
Biology of the Lined Shore Crab, Pachygrapsus 
crassipes Randall, 135-213 
The Pacific Oceanic Fishery Investigation 
(Note) , 300 
Records of Rare Hawaiian Decapod Crustacea, 
78-80 
United States Committee on the Oceanography 
of the Pacific (Note), 299 
HIATT, ROBERT W., and VERNON E. BROCK: 
On the Herding of Prey and the Schooling of the 
Black Skipjack, Euthynnus yaito Kishinouye 
(Note) , 299 
Hippocampus abdominalis, 129 
Hololepida magna, 6, 13 
Hololepidella tuta, 4, 6, 13 
Homarus americanus, 136 
gammarus, 147 
hookworm, 66 
Hyalopomatopsis, 48 
marenzelleri, 48 
occidentalis, 48, 50, 51 
Hydrocharitaceae, 107, 272 
Hydroides norvegica vat. groenlandica, 48 
Hymenocera elegans, 79 
Hysterographium, 73 
guaranicum, 73 
mori, 73-74 
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Ichthyology: 
An Addition to the Fish Fauna of the Hawaiian 
Islands (Note), 298 
Fishes Taken in Wellington Harbour, 125-127 
Juvenile Euthynnus lineatus and Auxis thazard 
from the Pacific Ocean off Central America, 
262-271 
Morphometry of Yellowfin Tunas, 114-120 
New Blennoid Fish from Hawaii, 125—127 
On the Herding of Prey and the Schooling of the 
Black Skipjack, Euthynnus yaito Kishinouye 
(Note) , 297-298 
The Pacific Oceanic Fishery Investigation 
(Note) , 300 
Idanthyrsus armatus, 8, 43 
ornamentatus, 8, 43 
pennatus, 43 
Ikedosoma, 277 
“Insects of Hawaii,” notice of, 301 
International Polar Expedition (1885), 4 
Iridophycus sp., 141 
Ixora carolinensis, 104 
var. typica, 112 


“Japanese Ornithology and Mammalogy during 
World War II,” notice of, 228 

Jordanidia solandri, 130 

Jussiaea suffruticosa var. ligustrifolia, 103, 112 

Juvenile Euthynnus lineatus and Auxis thazard 
from the Pacific Ocean off Central America, 
262-271 


Katsuwonus, 262, 263, 265, 270 
pelamis, 262 
keys: 
to species of, Anaitides, 19 
Haploscoloplos, 30 
Spinther, 16 
Typosyllis, 21 
to genera of Echiuridae, 277 
kidney worms, 65 
Kilauea, explosive eruptions of, 278-292 
kona weather, 81-82, 88 
Koror research station, establishment of, 301 
Kullenberg piston core sampler, 231 
Kusaie, 97, 98, 99, 105, 106, 272-273 


Ladd, lines of, 216-218, 220-222 
Laelaps echidninum, 66 
Laeospira borealis, 51 
Lagisca lamellifera, 6 
multisetosa, 4, 5, 6 
multisetosa papillata, 6 
rarispina, 6 
Laminaria Sinclairii, 141 
Lamphygma exempta, 62 
Lantana camara, 62 
Laonice cirrata, 8, 36 
Lastrea euaensis, 214 
Gretheri, n. sp., 214-215 
Harveyi, 214 
Margaritae, 214 
ornata, 214 
Torresiana, 214 
Latreillidae, 79-80 
Latreillopsis hawaitiensis, 79-80 
Latridopsis ciliaris, 130 
Laysan Albatross Nesting on Moku Manu Islet, 
off Oahu, T. H. (Note), 66 
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Leaena abranchiata, 9, 45 


nuda,9 
Lecythidaceae, 111 
Leguminosae, 111 
Leiothrix lutea lutea, 61, 63 
Leontice Leontopetaloides, 108 
LEOPOLD, LUNA B.: 
Diurnal Weather Patterns on Oahu and Lanai, 
Hawaii, 81-95 
lepadid barnacles, 80 
Lepidonotus caeloris, 6 
fragilis, 11 
helotypus, 12 
robustus, 6,12 
Leptocephalus conger, 129 
Leptograpsus gonagrus, 136, 137 
Leptospira icterohaemorrhagiae, 66 
Lepturus repens, 100, 107 
lepuel, 98, 108 
Leucodore socialis, 37 
lice, 66 
Ligia occidentalis, 171, 187 
Liliaceae, 272 
LINCICOME, DAVID R., and BAYARD H. 
MCCONNAUGHEY: 
A New Nematode of the Genus Pseudophy- 
saloptera from an Okinawan Shrew, 239-242 
lined shore crab, biology of, 135-213 
lines of Ladd, 216-218, 220-222 
Lipeurus caponis, 66 
Lissomyema, 277 
List of Scientific Institutions in the Pacific Area, 
243-261 
list, of species of polychaetous annelids from 
Alaska, 6-9 
of stations, for collection of Alaskan annelids, 


pe 
Listriolobus, 277 
liver flukes, absence on Ponape, 65 
presence on Guam, 65 
Longirostrum platessa, 129 
Lumbriconereis fragilis, 4 
latreilli, 29 
zonata, 29 
Lumbricus capitatus, 41 
cirratus, 37 
Lumbrinereis bicirrata, 29 
Lumbrineridae, 7, 29 
Lumbrineris, 4, 29 
bicirrata, 7,29 
fragilis, 7 
heteropoda, 7 
latreilli, 7,29 
similabris, 7 
zonata, 7,29 
lungworms, 65 
Lyngbya spp., 141 
Lysaretidae, 11 
Lysippe labiata, 9 
Lythraceae, 111 


MCCONNAUGHEY, BAYARD H., and DAvip R. 
LINCICOME: 
A New Nematode of the Genus Pseudophy- 
saloptera from an Okinawan Shrew, 239-242 
Macrocystis pyrifera, 141 
Macruronus novae-zelandiae, 129 
Magelonidae, 11 
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Maia squinado, 148, 149, 155, 157 
Maldane lacera, 42 
sarsi, 8 
Maldanella robusta, 8 
Maldanidae, 8, 41—43 
Malvaceae, 111 
Mammalogy, Japanese, in World War II, 228 
maps: 
of eastern part of Moen Island (in Truk Atoll), 
218 


of Kilauea crater and vicinity, 280 
of Pacific Ocean Area, showing: 
distribution of Pachygrapsus crassipes, 139 
distribution of various types of rock, 217 
route of Swedish Deep-Sea Expedition research 
ship “Albatross” 1947-48, insert 236-237 
of patterns of distribution of eruption deposits 
at Kilauea, 281 
of Pingelap Atoll, 96 
of southwestern Alaska, showing: 
collecting areas of Alaskan King Crab 
Investigation, 34-35 
stations at which annelids were collected, 52 
Mariana Islands, 65-66, 121-124, 214-215 
new fern from, 214-215 
Marianas Mallard, notes on, 121-124 
Marshall Islands, 99, 105, 106 
MARR, JOHN C., and MILNER B. SCHAEFER: 
Juvenile Euthynnus lineatus and Auxis thazard 
from the Pacific Ocean off Central America, 
262-271 
MARTIN, G. W.: 
Additions to Galapagos Fungi, 71-77 
Megalomma splendide, 9 
Megninia cubitalis, 66 
Melaenis loveni, 4, 6 
Melinna cristata, 9 
denticulata,9 
Memnoniella echinata, 75 
Memorial Research Field Station in Palau, 301 
Menopon gallinae, 66 
Mercierella enigmatica, 205 
Merluccius gayt, 129 
Messerschmidia argentea, 104, 112 
metamorphic—plutonic line, 216-218, 220-222 
Metastrongylus elongatus, 65 
“Meteor” Expedition, 231 
meteorology, 81—95 
Metograpsus messor, 138 
Micronesia: 
parasites of domestic animals of, 65-66 
Pingelap Atoll, flora and vocabulary of, 96-113 
plant records from, 272-273 
University of Hawaii Expedition to (1945), 97 
Microserpula inflata, 50 
Mirabilis Jalapa, 102, 110 
mites, 66 
Moen Island 
bauxite on, 223 
parasites of animals, 65 
schist on, 218-220 
mongoose, 61 
Moraceae, 109-110 
Morinda citrifolia, 104, 112 
Morphometric Characteristics and Relative 
Growth of Yellowfin Tunas (Neothunnus 
macropterus) from Central America, 114-120 
Mucedinaceae, 75-76 
Mugil cephalus, 128, 129 
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Munia punctulata, 63 
Musa paradisiaca, 98, 101, 108 
varieties, 101, 108 
Musaceae, 108 
Mycology: 
Additions to Galapagos Fungi, 71-77 
mynah bird, 62-63 
Mytilus edulis, 152, 180 
Myxicola aesthetica, 9 
conjuncta, 47 
infundibulum, 9,47 
pacifica, 47 
Myxomycetes, 72-73, 75 


Naineris dendritica, 4, 7 
longa, 4 
names, vernacular, of plants on Pingelap and 
adjacent islands, 100-104 
Natantia, 78—79 
Neanthes brandti, 7, 25 
virens,7 
Neoamphitrite robusta, 9, 44 
Neoleprea spiralis, 9, 44 
Neosabellides alaskensis, 5,9 
Nephrolepis biserrata, 100, 106 
Nephtyidae, 7, 24-25 
Nephtys assimilis, 7 
caeca, 7, 24-25 
ciliata, 7 
hombergi, 7 
malmgreni, 7 
punctata, 7 
rickettsi, 7 
schmitti, 7 
Neothunnus, 262, 263, 265, 267 
albacora, 119-120 
itosibi, 119-120 
macropterus, 114-120, 262 
forma ifosibi, 120 
macropterus, 120 
Nereidae, 7, 25-28 
Nereis agassizi, 28 
alaskensis, 5 
armillaris, 22 
caeca, 24 
cyclurus, 25 
filicornis, 36 
heteropoda, 4,7 
neoneanthes, n. sp., 7, 26-28 
neonigripes, 26 
pelagica, 4, 7, 26 
procera, 4, 7, 25, 28 
schischidoi, 7 
vexillosa, 4, 7, 26 
virens, 4, 25 
viridis, 20 
zonata, 7, 25-26 
Nerine, 4 
alaskensis, new comb., 8 
cirrata, 36 
new combinations: 
Asychis lacera, 42-43 
Chitinopoma occidentalis, 50-51 
Nerine alaskensis, 8 
Typosyllis alternata, 21 
elongata, 21-22 
Stewarti, 22 


311 


New Echiuroid Worm from the Hawaiian Islands 
and a Key to the Genera of Echiuridae, 
274-277 

New Fern from Rota, Mariana Islands, 214-215 

New Nematode of the Genus Pseudophysaloptera 
from an Okinawan Shrew, 239-242 

new species: 

Anelassorhynchus porcellus, 274-277 
Aricidia heteroseta, 33-36 
Haploscoloplos alaskensis, 30-32 
Lastrea Gretheri, 214-215 

Nereis neoneanthes, 26-28 
Petroscirtes ewaensis, 125-127 
Phaeopeltosphaeria irregularis, 74 
Pseudophysaloptera riukiuana, 239-242 
Spinther alaskensis, 17-18 

Tharyx hamatus, 37-38 

Tetracrium incarnatum, 75-77 
Typosyllis collaris, 23-24 

News Notes, 68, 228, 301 

Nicolea zosterica, 9, 44 

Nicomache carinata, 42 
lumbricalis, 8, 42 
personata, 8, 40, 41-42 

Ninoé simpla, 7 

nodular worms, 65 

Notes: 

Addition to the Fish Fauna of the Hawaiian 
Islands, 298 

Bauxite on Truk, 223-224 

Fishes Taken in Wellington Harbour, 128-130 

Herding of Prey and the Schooling of the Black 
Skipjack, Euthynnus yaito Kishinouye, 
297-298 

Holes in the Webs of Shearwaters, 224-225 

Information concerning the Fulbright Act, 
226-227 

Interbreeding of Laysan and Black-footed 
Albatrosses, 132 

Laysan albatross nesting near Oahu, 66 

Oceanographic program of Hawaii Marine 
Laboratory, 67-68 

Pacific Oceanic Fishery Investigation, 300 

Parasites of domestic animals in Micronesia, 
65-66 

Poisoning of Bufo marinus by Flowers of 
Strychnine Tree, 132 

Seventh Pacific Science Congress, 225-226 

U. S. Committee on the Oceanography of the 
Pacific, 299 

Western Regional Conference for UNESCO, 
300 

Notes on the Marianas Mallard, 121-124 

Nothria conchylega, 7 
geophiliformis, 7 
trridescens, 7 

Notomastus giganteus, 8 

Notophyllum foliosum, 6, 18 
imbricatum, 6, 18 

Notoproctus pacificus, 8 

Notorhynchus pectorosus, 128 

Nyctaginaceae, 110 


Observations on Parasites of Domestic Animals 
in Micronesia (Note), 65-66 

oceanographic expedition, Swedish, 68 

oceanographic program of Hawaii Marine 
Laboratory, 67—68 
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Oceanography: 
Swedish Deep-Sea Expedition, 231-238 
U. S. Committee on the Oceanography of the 
Pacific (Note), 299 
Ochetostoma, 277 
erythrogrammon, 275 
manjuodense, 275 
Ocypoda arenaria, 177, 207 
Ocsophagostomum dentatum, 65 
Okinawa, 239 
Oldenlandia albido-punctata, 273 
Olfersia sp., 224 
Oligocottus maculosus, 171 
Omphidae, 7 
Onagraceae, 112 
Oniscosoma, 15 
arcticum, 15 
Ophelia limacina, 8 
Opheliidae, 8, 39—40 
Ophioglossaceae, 272 
Ophioglossum pendulum, 272 
Ophionectria coccicola, 77 
Opuntia insularis, 71, 72, 75 
Orbiniidae, 7, 30-33 
Orchidaceae, 295-296 
“Origin and Development of Craters,” notice of, 


Origin of the Native Flora of Polynesia, 293-296 
Ornithology: 
Avian Introductions in Hawaii, 59-64 
Interbreeding of Laysan and Black-footed 
Albatrosses, 132 
Japanese, in World War II, 228 
Laysan Albatross Nesting on Moku Manu, 66 
Notes on the Marianas Mallard, 121-124 
Oscillatoria sp., 140 
Owenia occidentalis, 8 
Oweniidae, 8 
Oxylipeurus angularis, 66 


Pachygrapsus crassipes, biology of, 135-213 
marmoratus, 176 
parallelus, 138 
transversus, 138 

Pacific area, weather forecasting in, 81 

“Pacific Discovery,” notice of, 228 

“Pacific Explorer,” 114 

Pacific Oceanic Fishery Investigation, 300 

Pacific Science Congress, notice of, 225-226, 243, 
299 

Pacific War Memorial Research Field Station in 
Palau, notice of, 301 

Pacific yellowfin tuna, 114-120 

Pagrosomus auratus, 129 

Palau Islands, Memorial Research Field Station in, 

301 

plants from, 272-273 

Paleanotus chrysolepis, 6, 15 

Pallasia johnstoni, 43 

Palmae, 107 

Palmyridae, 11 

Pandanaceae, 106-107, 272 

Pandanus, 99 
Lakatwa, 108 
sp., 100, 106 

Paradexiospira violaceus, 9, 51-52 

Paralithodes camtschatica, 14 

Paraonidae, 7, 33-36 
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Parapercis colias, 130 
Parasabella maculata, 46 
media, 45 
parasites, in mynah birds, 62 
of domestic animals in Micronesia, 65—66 
Pareulepidae, 11 
Pectinaria belgica, 8 
Pectinariidae, 8 
Peisidice aspera, 6, 14-15 
Pelotretus flavilatus, 129 
Peltogaster sp., 197 
Peltorhampus novae-zeelandiae, 129 
Pelvetiopsis limitata, 141 
Pemphis acidula, 103, 111 
Peperomia ponapensis, 102, 108-109 
Perichaena corticalis, 72-73 
var. liceoides, 73 
depressa, 73 
vermicularis, 73 
Petaloproctus tenuis borealis, 8, 42 
Petrolisthes cinctipes, 185 
Petroscirtes ewaensis, a. sp., 125-127 
flamentosus, 127 
PETTERSSON, HANS: 
The Swedish Deep-Sea Expedition, 231-238 
Phaeopeltosphaeria, 73, 74 
caudata, 74 
irregularis, n. sp., 74 
panamensis, 74 
Phegopteris ornata, 214 
PHILLIPPS, W. J.: 
Fishes Taken in Wellington Harbour (Note), 
128-130 
Pholoé minuata, 6, 15 
Phyllachora Chaetochloae, 74 
Phyllanthus Niruri, 102, 111 
Phyllodoce citrina, 19 
foliosa, 18 
groenlandica, 4, 19 
mucosa, 19 
Phyllodocidae, 6, 18-21 
Physiculus bachus, 129 
“pibal,” 90 
Pilea microphylla, 102, 110 
Pingelap, flora of, 96-113 
Pionosyllis elongata, 21 
gigantea, 6 
magnifica, 7 
Pipturus argenteus, 102, 110 
piroplasmosis, bovine, 65 
Pista cristata, 9 
fasciata,9 
piston core sampler, 231 
plant names, in Pingelap, 96-113 
Plant Records from the Caroline Islands, 
Micronesia: Pacific Plant Studies 8, 272-273 
Platynereis agassizt, 7, 28 
dumerilii agassizi, 28 
Pleospora panamensis, 74 
Pleurotus sp., 75 
Plumeria acutifolia, 103, 112 
Polychaetous Annelids of Alaska, 3-58 
Polycirrus sp., 9, 45 
Polydora giardi, 8, 36-37 
socialis, 8, 37 
Polyeunoa tuta, 13 
Polynesia, origin of native flora of, 293-296 
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Polynoé brevisetosa, 12 
cirrata, 4 
fragilis, 11 
insignis, 4 
lordi, 11 
tuta, 4,13 
vittata, 4,11 
Polynoidae, 6, 11 
Polyodontidae, 6, 14 
Polypodiaceae, 106 
Polypodium Phymatodes, 100, 106 
Polyprion oxygeneios, 129 
Polystichum Torresianum, 214 
Pomacanthodes imperator, 298 
Ponape, 65-66, 97, 98, 99, 105, 106 
Porites lobata, 79 
Potamilla neglecta, 9, 46 
POWERS, HAROLD A.: 
A Chronology of the Explosive Eruptions of 
Kilauea, 278-292 
predators, on birds, 61 
Premna integrifolia, 104, 112, 273 
Prionospio cirrifera, 8 
malmgreni, 8, 36 
proventricular roundworms, 66 
Psammate, 4 
aphroditoides, 6 
multipapillata, 6 
Pseuderanthemum atropurpureum, 104, 112 
Pseudolabrus celidotus, 128, 130 
Pseudophysaloptera, 239, 240 
riukiuana n. sp., 239-242 
soricina, 240, 241 
Pseudopotamilla anoculata, 4 
brevibranchiata, 4, 46 
intermedia, 9, 46 
occelata, 9,46 
reniformis, 4, 46 
Pterolichus obtusus, 66 
Puffinus pacificus cuneatus, 224-225 
Pugettia productus, 145 
Puttemansia sp., 76 


Rademachia incisa, 109, 110 
integra, 110 
radiosonde, 90 
Raillietina echinobothrida, 66 
rain-gauge records, 84 
rain, oceanic, 87 
orographic, 87 
Raja nasuta, 128 
rats, in Micronesia, ites of, 66 
Rattus hawaiiensis, é 
norvegicus, 161 
“rawin,” 90 
Records of Rare Hawaiian Decapod Crustacea, 


78-80 

Report on the Flora of Pingelap Atoll, Caroline 
Islands, Micronesia, and Observations on the 
Vocabulary of the Native Inhabitants: Pacific 
Plant Studies 7, 96-113 

Reptantia, 79-80 

Restudy of Reported Occurrence of Schist on 
Truk, Eastern Caroline Islands, 216-222 

Rhamnaceae, 273 

Rhizophora mucronata, 98, 103, 112 

Rhizophoraceae, 112 

Rhodoglossum affine, 141 
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Rhombosolea leporina, 129 
plebeia, 129 
Rhynchocinetes rigens, 78-79 
rugulosus, 79 
typus, 78 
Rhynchocinetidae, 78-79 
RICHARDSON, FRANK: 
Holes in the Webs of Shearwaters (Note), 
224-225 
Richmondena cardinalis, 61 
Rota, new fern from, 214-215 
roundworms, proventricular, 66 
Rubiaceae, 112, 273 


Sabella, 45-46 

crassicornis, 9, 45, 46 

elegans, 46 

leptalea, 46 

lumbricalis, 42 

media, 9, 45-46 

neglecta, 46 

penicillus, 45 

Sabellaria cementarum, 8 
saxicava, 43 
Sabellariidae, 8, 43 
Sabellidae, 4, 45—47 
Sabellides octocirrata, 9 
Saccharum officinarum, 98, 100, 107 
Sacculina sp., 197 
ST. JOHN, HAROLD: 

Plant Records from the Caroline Islands, 
Micronesia: Pacific Plant Studies 8, 272-273 

Report on the Flora of Pingelap Atoll, Caroline 
Islands, Micronesia, and Observations on the 
Vocabulary of the Native Inhabitants: Pacific 
Plant Studies 7, 96-113 

Salicornia ambigua, 142 
Samytha sexcirrata, 9 
Sapindaceae, 111 

Sardinops neopilchardus, 128 
Scaevola frutescens, 104, 112 
Scalibregma inflatum, 8, 40 
Scalibregmidae, 8, 40 
SCHAEFER, MILNER B.: 

Morphometric Characteristics and Relative 
Growth of Yellowfin Tunas (Neothunnus 
macropterus) from Central America, 114—120 

SCHAEFER, MILNER B., and JOHN C. MARR: 

Juvenile Euthynnus lineatus and Auxis thazard 
from the Pacific Ocean off Central America, 
262-271 

schist on Truk, reported occurrence of, 216-222 
Schizobranchia dubia, 4, 9, 47 
insignis, 9, 46 
nobilis, 4, 46 
scientific institutions in Pacific Area, list of, 
243—261 
Scolecolepides arctius, 8 
Scolecolepis alaskensis, 4 
Scoleconectria coccicola, 77 
Scoloplos acmeceps, 30 
armiger, 4, 7 
elongata, 30 
Scorpis violaceus, 129 
Scripps Institution of Oceanography, 67, 68 
Scutia spicata, 71, 72, 73, 75 
Sebacina petiolata, 74-75 
Selaginellaceae, 272 





314 


Selaginella Kanebirae, 272 
Seriola lalandi, 129 
Seriolella brama, 129 
Serpula columbiana, 47 
spirillum, 51 
splendens, 47 
triquetra, 48 
vermicularis, 9,47 
zygophora, 47 
Serpulidae, 4, 9, 47-52 
Sesarma tetragonum, 176, 177 
shearwaters, holes in the webs of, 224-225 
shrews, 239-240 
Sial line, 216-218, 220-222 
Sida fallax, 103, 111 
Sigalionidae, 6, 15 
Sigma Xi, Hawaii chapter, 68 
Sitodium-altile, 109, 110 
Sonneratia alba, 98, 103, 111 
Sonneratiaceae, 111 
Sorex f. fumens, 240 
p. personatus, 240 
sounding, weather, 90 
Sphaerodoridae, 7 
Sphaerodorum minutum, 7 
Sphyraena barracuda, 298 
Spinosphaera sp., 9, 45 
Spinther, 15-16 
key to genus, 16 
Spinther alaskensis, n. sp., 6, 10, 12, 16, 17-18 
articus, 15,16 
australiensis, 15,16 
citrina, 15, 16,17 
major, 16 
miniaceus, 15,16 
oniscoides, 15,16 
wireni, new name, 16, 18 
Spintheridae, 6, 15-18 
Spio filicornis, 8, 36 
filicornis pacifica, 36 
minus, 36 
Spionidae, 8, 36-37 
Spirorbus, 48 
abnormis,9 
asperatus, 51 
borealis, 9,51 
incongruus, 9 
lineatus,9 
quadrangularis, 9 
rugatus,9 
semidentatus,9 
similis, 9 
spirillum, 9,51 
tridentata, 9 
variabilis, 9 
violaceus, 51 
stations, list of, for collection of Alaskan annelids, 
52, 53 
Stemonitis pallida, 73 
Stephanurus dentatus, 65 
Sterna £. oabuensis, 66 
Sternaspidae, 8 
Sternaspis elegans, 4, 8 
fossor, 4 
scutata, 8 
storms, convective, 83 
frontal, 82-83 
Strychnos nux-vomica, 132 
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Stylarioides papillata, 8, 40 
plumosa, 8 
Sula s. rubripes, 66 
Suncus caeruleus, 240 
coerulus, 240 
c. kandianus, 240 
murinus riukiuanus, 239 
Swedish Deep-Sea Expedition, 231-238 
note on, 68 
swine, in Micronesia, parasites of, 65—66 
Syllidae, 6, 21-24 
Syllis alternata, 21 
armillaris, 22 
cuculata, 24 
elongata, 21 
harti, 21 
pulchra, 22 
quarternaria, 7 
stewarti, 22 


Tacca Leontopetaloides, 98, 101, 108 
pinnatifida, 108 
Taccaceae, 108 
Taetsia fruticosa, 272 
Tegula funebralis, 171, 179 
temperature inversion, 91-93 
Terebella robusta, 44 
spiralis, 44 
zostericola, 44 
Terebellidae, 9, 43—45 
Terebellides stroemi, 9 
Terminalia Catappa, 103, 112 
litoralis, 103, 112 
terns, 62, 66 
Tetracium, 76 
Tetracrium, 75-76 
Aurantia, 76 
coccicola, 77 
incarnatum, a. sp., 75-77 
Tetrameres sp., 66 
“Texas fever,” 65 
Thalassema, 274, 275, 277 
branchiorhynchus, 274 
sabinum, 275 
semoni, 275 
Thalassia Hemprichii, 100, 107, 272 
Tharyx gracilis, 38 
hamatus, n. sp., 8, 37-38 
multifilis, 38 
parvus, 38 
Thelepus crispus, 9 
hamatus, 9, 44-45 
Thespesia populnea, 103, 111 
Travisia brevis, 8 
forbesii, 8 
pupa, 8 
Thuarea involuta, 100, 107 
Thyrsites atun, 128, 130 
Tiliaceae, 111 
Trachelochismus littoreus, 130 
Trachurus nouvae-zelandiae, 129 
trade winds, 81-95 
Tripterygion varium, 130 
Triumfetta procumbens, 103, 111 
Trochalopterum canorum, 59 
Trophonia papillata, 40 
tropical deterioration, investigation on, 71 
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Truk, 65, 97, 99, 105, 106 
bauxite on, 223-224 
reported occurrence of schist on, 216-222 
Trypanosyllis gemmipara, 7, 24 
Tuberculariaceae, 76 
tuna, Allison’s, 120 
Hawaiian, 119-120 
morphometry of, 114-120 
Pacific, 114—120 
Portuguese, 119-120 
Typhloscolicidae, 11 
Typosyllis, key to species of, 21 
alternata, new comb., 7, 21 
armillaris, 7, 21, 22 
collaris, n. sp., 7, 21, 23-24 
elongata, new comb., 7, 21-22 
pulchra, 7, 21, 22 
stewarti, new comb., 7, 21, 22 


Uca, 183, 207 
crenulata, 207 
minax, 146 
pugilator, 146 
pugnax, 146 
Ulva Lactuca, 141, 142, 178 
UNESCO, 243, 300 
United States, Army, 71 
Committee on the Oceanography of the Pacific 
(Note), 299 
Fish and Wildlife Service, 114, 299, 300 
Fisheries Commission, 3 
Geological Survey, 228 
National Museum, 3 
Navy, 97 
Soil Conservation Service, 84 
Trust Territory of the Pacific, 228 
Weather Bureau, 84, 90, 91 
University of California, 67 
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